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In preparing this Briefer Edition the attempt has been 
made to present the essentials of modern botany in con- 
siderably less difficult language than has hitherto been 
usual in books of this grade. Many of the terms now in 
general use in the larger works are here anglicized, while 
English names have very generally been given for plants 
and plant-groups. 

The sequence of topics and the general mode of treat- 
ment pursued in my larger work published in 1880 are 
here followed, with such changes and modifications as are 
demanded by the progress of the science since the original 
manuscript left my hands. In many cases the paragraphs 
have been carefully revised, while in others they have been 
entirely re-written. 

I have thought it advisable to use the terms Zygophyta, 
Odphyta, apd Carpophyta, first proposed in the Amebican 
Natukalist in 1882 (Vol. XVI. p. 46), for the second, 
third, and fourth Branches of the Vegetable Kingdom. 
This has been done for the sake of securing uniformity in 
nomenclature, as well as on account of the readiness with 
which the new terms take the English form: thus we may 
now speak of zygophytes, oophytes, and carpophytes, as 
well as of protophytes, bryopbytes, etc. 

In its use I would beg the teacher to bear in mind that 
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the book is intended to be merely the guicky and that a sim- 
ple conning and recitation of its pages will give bat a poor 
retam indeed. Every effort should be made to have the 
pnpil see things for himself. To aid him in this, numerous 
^'practical studies*' are introduced after the principal 
topics, and it is urged upon teacher and pupil that as much 
use be made of them as possible. Indeed, it would be an 
excellent plan to use the " studies " alone as a guide in a 
course of practical work. 

C. E. B. 

BOTAKICAL LaBORATORT, ) 
lOWA AORICULTUKAL COLLEGE. ) 

Ames, Iowa, July 8, 1884. 
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PROTOPLASM AND PLiNT-CELLa 

-^ 1. Protoplaam . — ^The living part of every pliuit is a soft- 
ish, almost transpareDt substance called protoplasm. It 
may be seen in ordinaty plants by making thin slices of 
the rapidly growing parts, and then magnifying them 
under a good microscope. Such a 
specimen is nwde np almost wholly of 
protoplasm, (Fig.^.) 

2; Altboagh protoplasm is so abun- 
dant, its exact chemical composition Ig 
not known. It appears to be a mix- 
ture of several chemical compounds, 
and contains carbon, hydrogen, oxy- 
gen, nitrogen, snlpbnr, besides others 
of less importance. Kitrogen is al- : 
ways present. 

3. When protoplasm is examined ' 
under a high magnifying power it 
generally appears to be somewhat it^'thr^c^t^^^^^- 
granular. There may often be dis- ip:, v'aouoUisTs^ wXth" 

. . , , . ' cellwalbtfc). Hagnlflediao 

tingmshed a clear transparcDt non- times. 

granular part making np the body of the protoplasm, and 

in this the grannies are imbedded. 
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4. Living protoplasm possesses the power of imbibing 
food in the condition of watery solutions. The water with 
which plants are supplied in nature always contains a con- 
siderable amount of soluble matter, most of which is good 
food for protoplasm. The imbibition of watery food in- 
creases the size of the protoplasm, and this is one of the 
causes of growth in plants. Commonly there is a surplus 
of imbibed material, and this is stored in the protoplasm 
in the form of drops of greater or less size (the so-called 
vacuoles)^ thus adding still more to the distension of the 
protoplasm mass. (Fig. 1, s.) 

5. The most remarkable property of protoplasm is its 
power of moving. Every mass of living protoplasm ap- 
pears from observation to have the power under favorable 
conditions of changing its form, shifting the positions of its 
several parts, and in many instances of moving bodily from 
place to place. That these movements are so generally 
overlooked is due to the fact that in most cases they require 
the aid of a good microscope, but with such an instrument 
the student may find evidences of motion in the protoplasm 
of every plant. 

6. The imbibition of food, and the various movements, 
are affected by the temperature of the protoplasm. They 
take place best in temperatures ranging from that of an 
ordinary living-room to that of a hot summer day (20° to 
35° C. = 68° to 95° Fahr.). A sudden change of tempera- 
ture of even a few degrees will at once check or stop both 
imbibition and movement; even a sudden jarring will for 
a time stop both kinds of activity. 

Practical Studies. — In the study of protoplasm it is necessary to 
be provided with a compound microscope. For conyenience of 
working, as well as for economy, the small instruments with short 
tube, allowing easy use in a verticul position, are much to be pre- 



PROTOPLASM AND PZANT-0ELL8. 3 

ferred. The most BerrtcMble objectives are the ) and \ inch, giving 
magnifying powers of from about 100 to SDO diaroelers. 8ucb a 
microscope may be piircbased in this country for from $80 to (40, 
and in Europe for BomewLat \esa. A scalpel or good razor is useful 
in makiDg sections. For tbe beginner Uie oaly reagents Decessary 
are, 1, a solution of iodine (ttiat made by Srst dissolving a very Utile 
potassic iodide in pure water and then adding iodine is the best for 
common use); S, a solution of caustic potasb in pure water (polnssic 
hydrate); 8, alcohol; 4, some staining 
fluid, as mageata or carmine (common i 
carmine ink is often quite satisfactory), 
5, glycerine. 

(a) Make very thm longitudinal sec 
tions of the tips of the larger roots of 
Indian corn (Fig 3) stam some witb 
iodine, whicli will turn the protoplasm i 
brown or yellowish brown stamotben 
with carmine examine by the aid of 
tbe t-inch objective Make similar I 
sections of the tip of a young shoot of 
the asparagus ^ 

(i) Make successive cross-sections of 
the root of Indian corn begmning with 
the tip and receding Ave to ten centi 
metres. Note the vacuoles and use 
iodine and carmine. Make umilar sec- 
tions of young asparagus^tem. 

(e) Make a lon^tudinal section of 
tbe young part of a verbena-stem in 
such a manner as to leave on eacb 
margin a fringe of uninjured bairs. 
Mount carefully in pure water. Ex- 
amine at a high temperature (about 80° 
0. = 86° Fabr.) for a streaming motion 

of tbe protoplasm in the hairs. Place q ^ ^ 

the specimen upon a block of ice, and si"^°^'^.r°°'°^^'?'4f'"?lS'' 

. :■_ ..I . tir The part above lis the bodj of the 

notetbatthemovementceases. Warm root, that below it is the mot-cap: 

■niin nil- ''■ "^^ <">'*'■ ""'l "' ""^ epldor- 

((f) With similar specimens observe wood-cella; s^sTounpi 
the effect of (1) iodine, which kills J.^'V^rZ^^Pi* 
andslains the protoplasm; (2) alcohol. 
wbicb kills and coagulates it; (3) glycerine, which withdraws wal«r 
from it, and so collapses It. 




n, vouiigplthK»llB; /, TOUng 

cellB ; g, « Toune veesel ; i, i, 

ineer part of rootisap; r 

ilder part a( root-cap. 



(«) HoUDt carefully Id purevraler apiece (2to4cen1imelreB)af out 
of tli« youDg " Bilks" ot IndiaD com. Tlie moTement is well wen in 
the long cells. Repeat tlie (uregoiug eiperimtDU. 

(/} Tbe following may be tafcen also, viz. : llie stamen bain of 
Spidemort, tbe epidermis of Live-for-erer leaf, fresh Bpecinwns of 
the Stoneworlt (Chara and Nilella), Eelgraai, etc. 

7. The Plant-Cell. — Id all commou plantB the protoplasm 
is fonnd in little masses of definite shapes, each one en~ 
closed in a little box (Fig. 1). The substance of these 
boxes was made by the protoplasm, somewhat as the snail 
makes its shell. Each mass of protoplasm with its box is 
called a Plant-cell, and the sides of the box are called the 
walls of the cell, or the cell-wall. 

8. The cell-wall is composed of carbon, hydrogen, and 
oxygen (C„H,,0„), and has been named cellnlose. At first 




Btem of GardBii -,.. .... . .. 

are portly splnl and partly 
veowla: v""'. a relicutaMd 



it is very thin, bnt as the protoplasm grows older it thick- 
ens its wall by coQtinaally adding new material to it, so 
that at last it may be more than a hundred times as thick 
as at the beginning. 

0. Tbe cell-wall may be thickened nniformly, or, as more 
frequently happens, some portions may be mnch more 
thickened than others. When it is uniform the wall shows 
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no markings of any kind, but when otherwise it shows dots, 
pits, rings, spirals, reticulations, etc. etc. (Fig. "3). This 
thickening gives strength to the cell- wall, and serves either 
to protect the protoplasm, as in many spores and pollen- 
grains, or to help in building up the framework of the 
plant. 

10. In some part of the protoplasm of each cell (often in 
the centre) there may generally be seen a rounded body 
composed of denser protoplasm (Fig. 1). This has been 
named the nucleus. It has been shown not to differ in any 
essential particular except in density from ordinary proto- 
plasm. Its function is not certainly known. 

11. Cells in plants are of various sizes and shapes. The 
largest (with a few exceptions) are scarcely visible to the 
naked eye, while the smallest tax the highest powers of the 
best microscopes. Cells which exist by themselves, as in 
many microscopic water-plants, are more or less spherical; 
so, too, are many spores and pollen-cells, and the cells of 
many ripe fruits where, in the process of ripening, the cells 
have separated from each other. Ordinarily, however, the 
cells are of irregular shapes, on account of their mutual 
pressure. Occasionally they are cubical, rarely they are 
regular twelve-sided figures (dodecahedra), but more com- 
monly they are irregular polyhedra. 

12. In a few plants, as the Slime-Moulds, the protoplasm 
has no definite size or shape; it may be of microscopic size, 
or it may form irregular masses as large as one's hand. 
Such plants are not composed of cells. They are nothing 
more than masses of shapeless protoplasm, and are among 
the lowest of all living organisms. In all other cases, how- 
ever, the cell is the unit out of which the plant is composed, 
and in the study of different plants, no matter how much 
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they may differ in external appearance, we shall always 
find that 'they are made up of cells alike in all essential fea- 
tures. Thus the simple Green Slime of the rocks is com- 
posed of a single cell, the homologne of which is repeated 
millions of times in the giant oak of the forests. 

Practical Studies.^a) Mount a leaf of a moss for a good exam- 
ple of cells showing their walls. The sections of root-tips previously 
mentioned (p. 8) may be studied again with profit. ^ 

(b) For thickened cell- walls make sections of the shell of the 
hickory-nut or cocoa-nut 

(e) Make longitudinal and also cross sections of apple-twigs; some 
of the pith-cells show thickened walls marked by dots and pits. 

{d) Make longitudinal sections of a stem of Indian corn, so as to 
obtain very thin slices of some of the threads which run lengthwise 
through it. Cell- walls showing rings, spirals, and reticulations may 
be readily found (Fig. 3). 

{e) Mount spores of the *' black rust " of wheat or oats (by carefully 
scraping off one of the blackish spots on the stem or leaves) for ex- 
amples of thickened cell- wall for protection. 

(/) Mount pollen-grains of mallows or squashes for thickened 
wall which has developed projections externally. 

ig) Make longitudinal sections of the young part of a root or stem, 
stain with carmine, and after a little time note that the nucleus shows 
distinctly in each cell. 

{h) For large cells examine the parts (leaves and stems) of water- 
plants. In the Water-net (Hydrodictyon) they may be seen with the 
naked eye. 

{%) For very small cells mount a minute drop of putrid water and 
examine with the highest power of the microscope available. Myri- 
ads of minute cells, each a single plant, will be seen darting hither 
and thither in the water. These are the Bacteria, to be more fully 
noticed in Chapter YII. A tumbler in which leaves and twigs have 
been allowed to begin to decay will furnish good material. 

(J) Slime-Moulds may frequently be found on rotten logs, on de- 
caying planks of wooden walks, or on the '* spent bark" of tan-yards. 
The common one is a yellowish mass, often ten to twenty centimetres 
long. 

(k) For Green Slime scrape off a little of the green slimy growth 
to be found on damp walls, rocks, etc. Under a high power many 
little green balls of protoplasm may be observed. Each has a cell- 
wall. 
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[3. How New Cells are Formed. — ^Most plant-cells in 
some stage of their growth are capable of producing new 
cells. This power is mostly confined to their early thin- 
walled state, new cells being rarely formed after the walls 
have attained any considerable thickness. There are two 
general methods, viz., (1) by the Division of cells, (2) by 
the Union of cells. 

• 14. In the Division of a cell it may simply constrict its 
sides so as to pinch itself into two paits. In other cases 
the protoplasm first divides itself through the middle, and 
the two halves then help to form a partition-wall of cellu- 
lose between them. Both of these modes of division are 
known as Fission. 

15. In some cases of Division the protoplasm divides 
itself into two, four, or many parts, which then become 
spherical in shape. Each part then covers itself with a 
cell-wall of its own; and the old cell-wall of the original 
cell, not being of further use, soon decays or breaks away. 
This kind of Division is known as Internal Cell-formation. 

16. Cell-division always results in an increase in the 
number of cells, and is the usual process by which plants 
are increased in size, and in the number of their cells. 
Growth may be very rapid, even where the cells simply 
divide successively into two. Thus a single cell may give 
rise in its first division to two cells, next to four, then eight, 
then sixteen, thirty-two, sixty-four, etc. etc. By the twen- 
tieth division the cells would exceed a million in number. 

17. The process of cell-formation by Union is exactly 
opposite to that by Division. Two cells which were sepa- 
rate unite their protoplasm into one mass, which then 
forms a cell-wall around itself. Thus instead of doubling 
the number of cells at every step, there is here an actual 
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decrease, and every time the process occurs there the result 
is but half as many cells as before. 

Practical Studies, — (/i) Carefully scrape off (after moisteniDg with 
a drop of alcohol) a little of the white, mouldy growth on lilac- leaves, 
kuown as Lilac Blight; mount it in water, adding « very little potas- 
sic hydrate. Some of the threads will show the formation of new 
cells (spores in this case) by fission. Other kinds of blights, as for 
example that on grass leaves or that common on the leaves of cherry- 
sprouts, furnish equally good examples. (See Fig. 79, p. 156) 

(b) Strip off carefully a bit of the epidermis (skiu)of a young Live- 
for-ever leaf, and mount it in water. By careful examination some 
of the cells may be observed with very thin partition- walls formed 
across them. The new walls can be distinguished from the older 
ones by their thinness. 

(c) Mount a very small drop of yeast in water and observe in the 
yeast-plants that modification of fission which is called budding. 
Each yeast-plant is a minute oval cell; it first pushes out a little pro- 
trusion which becomes larger and larger, finally equalling tlie first. 

In the mean time a partition forms be- 
^lO * f% ^^ tween the two, which then separate 

mm mMk ^Gk fi'om one another. (Fig 4, a and b,) 
^P mtM IPk T (d) Grow some yeast for a few days 

under a bell-jar on a moist slab of plas- 
ter, a cut potato or carrot, or even a 
bit of moist brown paper. Upon ex- 

Fio.4.-Yeast.plant8reproduc- ^^^^^^S some such yeast it will be 
ing by division: a and b by bud- found that Some of the cells contain 

wSfifHfghlym^mld.'*""*"" several little new cells, formed by in- 

ternal cell-division. (Fig. 4, c and d.) 
(e) Make very thin cross sectibns of young flower-buds so as to 
cut through the stamens. If the specimen is of the proper age, cer- 
tain cells maybe seen to have divided internally into four parts, each 
of which subsequently becomes a pollen-grain having a thick cell- 
wall of its own. 

18. Chlorophyll. — Protoplasm itself is colorless or nearly 
so, but it may make a staining substance, and stain all or a 
part of itself. Thus it is very common to find that certain 
parts of a cell are of a bright green color on account of a 
green substance — Chlorophyll — which stains those portions 
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of the protoplasm. As a rule protoplasm does not form 
chlorophyll in darkness^ and even that which is already 
formed disappears in prolonged darkness. 

19. The protoplasm which is stained by chlorophyll is 
commonly in little rounded masses; in a few cases it is in 
bands or star-shaped masses. These masses are called 
chlorophyll-bodies, chlorophyll-grains, or chlorophyll-gran- 
ules. It must not be forgotten that chlorophyll is the 
staining substance, while the chlorophyll-grain is the stained 
protoplasm mass. The two may be separated by alcohol, 
which dissolves out the chlorophyll, leaving the grain of 
protoplasm. 

PracUecU Studies. — (a) Mount a leaf of a moss and examine for 
chlorophyll-grains. 

(b) Soak a few moss-leaves in alcohol for some time and note the 
decoloration of the chlorophyll-grains. Note the green color given 
to the alcohol. 

(c) Mount Green Slime G>y scraping off the green coating of rocks, 
etc.) and note that the whole protoplasm is stained with the chloro- 
phyll. 

(d) Make sections of a potato-stem grown in darkness. Compare 
this with a stem of the same plant grown in light. 

(e) Make sectio!hs of blanched celery. Compare with unblanched. 
(/) Dissolve out the chlorophyll (by alcohol) from a specimen (any 

of the foregoing) and then treat with iodine. Note the brown color 
given to the bleached chlorophyll-grains, showing them to be proto- 
plasm. 

20. Starch. — Many cells of common plants contain little 
grains of starch (Fig. 5). In some cases, as in the potato 
tuber, the cells are only partially filled, but in other cases, 
as in rice, wheat, Indian com, etc., the starch is packed so 
closely in the cells as to leave very little unfilled space. 

21. The starch of every plant is originally manufactured 
in a chlorophyll-body, that is, in a mass of stained proto- 
plasm. It moreover forms only in the light, so that plants 
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which hare no ohloropUyll, or which grow in darkoeBs, do 
not make starch. 

22. Chemically, starch is much like eugar and cellulose, 
and like them it is composed of carbon, hydrogen, and 
oxygen (C^UnO^g). It contains water in its organization, 




which may be driven off by heat, or by the application of 
reagents, when it loses its structure. 

23. Starch is a plant-food. It is produced by the green 
protoplasm for the nourishment of the plant. As it forms 
only in light, during the day it accumulates, but at night 
by the continued growth of the plant it is mostly used up. 
Whenever there is more made than the plant requires, the 
surplus is stored in certain cells for future use, 

I^vielieal Studie*. — (a) Scrape ofl s, little of ibe substnnce of the 
cut Burfuce of a potato tuber. Mount in water nud esamine under 
the microscope, uaing tUe } objective. Note the ovale starcb grains. 
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which are concentrically striated. Now add a small drop a( iodine 
and note the blue coloraiion, which becomes purple or purple-black 
if much iodine is used. 
(6) Make an extremely thin slice of the potato tuber and treat u 

before, so as to observe si arch grains in 
the cells. By staining such a section 
with carmine the protoplasm in the i 
jtarch- bearing cell may be made evi- 

{e) Study the slarcb of wheat, rice, 
Indian corn, oats, etc. 

{({) Mount carefully a few threads ot 
Pond Scum (Spirogyra) which has been 
for some hours in the sunlight. Note 
the aggregations of minute starch-grains 
in the spiral chlorophyll-body (Fig. 8). 
Now add iodine and observe the color- 
ation of starcb-grains. 

(e) Make thin sections ot leaves wbich 
have been in the light for some hours, 
and observe minute starch-grains in 
tlie chlorophyll -bodies. Use iodine aa 

(/) Hake longitudinal sections of 
ripened apple-twigs and note the Blarch 
stored In certain cells of the pith for use 
wheir^rowLh is resumed. 

jf^4. Alearone. — In majure seeds 
v' and tnberg there are commonly to 
be fonnd email rounded grannies 
of albuminous matter to which the smim' 
name of Alenrone has been given sn^^ 

(Fie. 6). It is, in part at leaflt, prepftratory m uhIUds. Hagnl- 

the protein matter of the older 

botaniatB. It is also identical with what has been called 

the gluten of the gradus oi wheat, rye, oats, etc. 

26. Aleurone is poorly understood, bnt it appears to he 
a dry resting state of protoplatim. Some, if not all, of it 
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may become active agiun npon the access of water and the 
proper temperature, PoBsibly some of it serves aa food 
for protoplasBi in the gennination of seeds. 

Fraetieal Studio.— (a) Mount ia tklcobol n thin slice of & ripe pea. 
Note the amall gnoules (along with large starch graiDa) Id the cella 
(Fig. S). Apply iodine, nhicb will stain the aleurone jellow or 
brownish-yellow. . 

(S) Hake a similar sludj o( the aleurone of the bean. 

(e) Make sections of tbe foregoing and mount in water to obscrre 
the soluUon of tbe aleurone gnuns. The process may be hnstened 
by adding a very little potasulc hydrate. 

(ft) Make thin cross-sectioQioF a wheat-kernel and study the gluten 
(aleurODe]c«Ils of the inner bran. Add iodine. 

(«) Hake a similar study of the bran of rye, oats, and Indian com.y' 

26, CryitaU. — Some cells of certun plants contain cr;^ 
tala (Fig. 7). These are of 
variouB shapes, one of the 
most common forme being 
needle-shaped, while others 
are cubical, prismatic, etc. 
They are frequently clus- 
tered into little masses. 

27. Crystals are for the 
most part composed of cal- 
cium oxalate. That is, they 
I a combination of lime 
; and oxalic acid. A few have 
iie"b^t. Mu^miBnifled:- ^ different chemical compo- 

sition — as the calcium carbonate crystals found in nettles, 
hops, hemp, etc., besides others of still more in&eqnent 
occurrence. 

26. Crystals appear to be the residues from chemical re- 
actions which take place in the interior of plants, and they 
probably have no further use. 




cells or the Rhubarb 
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Practical Studies. — (a) Mount in water several thin longitudinal 
sections of the stem of the Spiderwort (Tradescantia) and note the 
bundles of needle sliaped crystals in enlarged, thin-walled cells. 
Many crystals will be found floating free in the watec/^aving been 
separated in the preparation of the specimen. 

(5) Similar sections of the stem of the Evening Primrose, Fuchsia, 
Balsam or Touch-me not (Impatiens), and Garden Rhubarb will also 
show needle-shaped crystals. 

(c) Other crystal forms may be obtained from the beet, onion (the 
scales), Pigweed or Lamb's Quarters (Ghenopodium), etc. 

29. The Cell-Sap. — All parts of a living cell are satura- 
ted with water. It enters into the structure of the cell- 
wall ; it makes up the greater part of the bulk of the pro- 
toplasm, and it fills the vacuoles. It holds in solution the 
food-materials absorbed from the air and soil, and the sur- 
plus soluble substances manufactured by the plant. 

30. Among the many substances dissolved in the cell- 
sap the more important are Sugar and Inulin. Of the 
former there are two varieties, viz., sucrose, or cane-sugar 

* (C,,H„0„), and glucose, or grape-sugar (C,,H,,0, J, which 
differ in their sweetness as well as in other properties. 

31. Cane-sugar exists in great abundance in the cell-sap 
of sugar-cane, sugar-maple, sugar-beet, Indian com, and in 
greater or lesd quantity in nearly all higher plants. Grape- 
sugar is found in many fruits, sometimes mixed with cane- 
sugar; thus in grapes, cherries, gooseberries, and figs it is 
the o^ly sugar prese;t, while in apricots, peaches pine- 
apples, plums, and strawberries it is mixed ;ith can^sugar. 

32. Inulin (C„H,„0, J is a soluble substance related to 
starch and sugar, which is found mainly in the cell-sap of 
certain Composites, as the sunflower, dahlia, elecampane 
(Inula), etc. 

Practical Studies.— (a) Make a thin section of the stem of any 
herbaceous plant, as a Geranium; (>xamine at once without a cover- 
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glass, noting the wateriness. Lay the specimen aside for half an 
hour or so, and then note its shrinkage by loss of water. 

(6) Mount a few plants of Pond Scum (Spirogyra) in a very little 
water. Examine under the high power of the microscope, and while 
doing this flow glycerine under the cover-glass. The glycerine im- 
bibing water with great avidity withdraws the water of the cell-sap 
from the cells, causing them to collapse. 

{c) The presence of sugar may be demonstrated in many cases by 
taste alone, as in the stems of cane and Indian corn. 

{d) Cane-sugar when abundant may be crystallized out (in small 
stellate crystals) from cell-sap by the use of strong alcohol or glyce- 
rine. 

{e) Make thin slices of the root of the sunflower or dahlia, and soak 
for some days in alcohol: the inulin will appear in the shape of 
sphere crystals of greater or less size, according aS the crystallization 
has been slower or more rapid. 

(/) The presence of acids in the cellsap of many plants may be 
shown by placing a moist cut surface in contact with blue litmus- 
paper. The latter will be distinctly reddened. 




CHAPTER n. 
THE TISSUES OF PLANTS. 

33. Some plant-cells live alone, and are not connected 
with any others; some which are at first separate afterward 
unite into a cell-colony. In most cases, however, the cells 
are united to each other from the beginning of their exist- 
ence into what are called tissues. 

34. As understood in this book a plant-tissue is an assem- 
blage of similar cells which have been united with each 
other from their beginning. The cells in a tissue may be 
arranged in rows, surfaces, or masses: in the first the 
growth has been by the fission of cells in one plane only, 
in the second from fission in two planes, and in the third 
from fission in three planes. 

35. In the lower plants the cells are all alike, or so nearly 
so that they constitute but one kind of tissue. As we 
ascend from these simple forms the cells begin to show 
differences, some being especially developed for one pur- 
pose, and some for another; and these differences become 
more numerous and more sharply marked as we approach 
the higher plants. This at last gives us many kinds of 
tissues, which may be distinguished from each other by 
characters of greater or less importance. However, they 
may all be brought \i'ithin seven general kinds, each kind 
showing many varieties. 

36. Soft Tissue {Parenchyma), — ^This is the most abun- 
dant tissue in the vegetable kingdom; it is at once the 
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most important and the most variable. It is composed of 
cells whose walls are thin, colorless, or nearly so, and trans- 
parent; in outline they may be rounded, cubical, polyhe- 
dral, prismatic, cylindrical, tabular, stellate, and of many 
other forms. When the cells are bounded by plane sur- 
faces, generally, but not always, the end planes lie at right 
angles to the longer axis of the cells. 

37. This tissue makes up the whole of the substance of 
many of the lower plants, while in the higher it composes 

the essential portions of the as- 
similative (green), vegetative 
(growing), and reproductive 
parts. 

, 38. Thick - angled Tissue 
'j(CoUenchyma). — Tfie cells of 
this tissue are elongated, usu- 
ally prismatic, and their trans- 
verse walls are most frequent- 
ly horizontal, rarely inclined. 
The walls are greatly thick- 
ened along their longitudinal 
.2Se''(5;'a^°°4S^^S'Jj„1 angles, while the remaining 
|r.c*££Mi'£^^. !i^™& parts are thin (Fig. 8). The 
^ cells contain chlorophyll, and 

retain the power of fission. Wet specimens show by trans- 
mitted light a characteristic bluish- white lustre, which is 
best seen in cross-sections. 

39. Thick-angled tissue is found beneath the epidermis 
of most flowering plants (and some ferns), usually as a mass 
of considerable thickness, and is doubtless developed from 
soft tissue for the purpose of giving support and strength 
to the epidermis. 
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40. Ston; Tiune {Sclerenchyma). — In many plants the 
hard paita are composed of cells whose walls are thickened, 
oft«n to a very considerable extent (Fig. 9). The cells are 
usually short, but in some cases they are greatly elongated; 
they are sometimes regular in outline, but more frequently 
they are extremely irregular. They do not contain chloro- 




Fio, B.— Btodv 
gnnuul >(«mo(t 

phyll, bnt in some cases (e.g., in the pith of apple-twigs) 
they contain starch. 

41, Fibrous Tiuue. — This ie composed of elongated, 
thick-walled, and generally fusiform fibres (Fig. 10), whose 
walls are usually marked with simple or sometimes bordered 
pits. These fibres in cross-section are rarely square or 
round, bnt most generally three- to many-sided. They are 
found in, or in connection with, the woody bundles of ferns 
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and flowering plants, and ^ve strength and hardness to 
tbdr stems and leaves. 

42. Two varieties of fibrous tissne may he distingnished, 
Tiz., (1) Bast (Fig. 10, B), and (2) Wood (Fig. 10, A). . The 
fibres of the former are usually thicker walled, more flexi- 
ble, and of greater length than those of the latter. In both 
forms the fibres are sometimes obaerved to be partitioned. 



43. Milk Tiuue {Ladciferotia Tissue). — In many orders 
of flowering plants tissues are found which contain a milky 
or colored fluid — the latex. For the sake of simplicity two 
general forms may be distinguished: (l) that composed of 
simple or branching ttibes (Fig. 11), which are scattered 
through the other tisanes. Ae found in the Spurge family, 
they are somewhat simply branched and have very thick 
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Fio. 11.— Mllk-Wbes from B Spurge (Euphortifa). A, moderately magntfled ; B 
more bfehlr magaifled. aod showing Che bone-Bhaped stardi-gnlnB, 

Fio.li.— Millt-vesBeU of a Composite (Sooraoneral, A, a traDSYerHe sectioD of 
tha root; B, the same more highly magnifled. 

walU (Fig. 11, S); in other plants they are thin-walled, 
and are sometimes inclined to anaetomoBe. From their 
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position it is quite certain that the tubes of this form of 
milk-tissue frequently replace bast-fibres. In other cases, 
however, they appear not to be of this nature, but to arise 
from the soft tissue by the absorption of the horizontal 
partition-walls. 

44. (2) The other fonn is that composed ,of reticula;tely 
anastomosing vessels. Here the tissue is the result of the 
fusion of great numbers of short cells. The walls are thin 
and often irregular in outline. In chicory, lettuce, etc., 
this form of milk-tissue is very perfectly developed as a 
constituent part of the outer portion of the woody bundles 
(Fig. 12, A and B). 

45. Sieve Tissue. — As found in the flowering plants this . 
tissue is for the most part made up of sieve-ducts and the 
so-called latticed cells. The former (the sieve-ducts) con- , 
sist of soft, not lignified, colorless tubes of rather wide 
diameter, having at long intervals horizontal or obliquely 
placed perforated septa. The lateral walls are also per- 
forated in restricted areas, called sieve-discs, and through 
these perforations and those in the horizontal walls the 
protoplasmic contents of the contiguous cells freely unite 
(Fig. 13). 

46. The tissue composed of these ducts is generally loose, 
and more or less intermingled with soft tissue; in some 
cases even single ducts run longitudinally through the sub- 
stance of other tissues. In the form described above it is 
found only as one of the components of the outer or bark 
portion of the woody bundles of plants. 

47. The so-called latticed cells are probably to be re- 
garded as undeveloped sieve- ducts, and hence the tissue 
they form may be included under sieve-tissue. Latticed 
cells are thin-walled and elongated; they differ from true 
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sieve-ducts priucipally in being of less diameter, and in 
having the markings but not the perforations of sieve-discB. 




rio. 13.*-Longltudlnal section Ihroueh the eleTO-ttesuBofPumpWn-sleai. q.q. 
section of traiKTerBe sieve-plales: <(. lateral sieve-plate x (bin places In wall: 
I, the same seen in section; pi, protoploamic conlientB contracted by tlie alcohol 
in which the Bpeclmens wrre soaked ; »p. prolopliteiii Htled off from the eieie- 
plate ^contraction; A, protoplasm atill In coDlactnllh the sieve-plate. Ma^- 



Both of these differences are such as might be looked for 
in oadeveloped sieve-tissue. 
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scribed above. In Conifers the aieTe-discs, which are of irregular 

outline, occur abuudHDily upon Uie oblique ends ami nulla] faces of 
the brood lubes (Fig. 14). lu the Horaetails (Eqiiiselum) aiid Adder- 
^ — ^ tODguea (Ophioglossum) ILey are prismalic, with 

numei'ous borizonUl but nut Terlicul Eieve-diBCS; 
in Brates (Pteris) and many otliur ferua tlit^y have 
pointed exlremities, and are grually tilonguted, 
bearing Ibe sieve discs upon Iheir Bides. In Ihe 
larger Club-moBses the siuve-tuljes are prismalic 
and of great length; in tlie smaller species there 
are tissue elements destitute of sievc-dlsca, but 
which are otherwise, including position in the 
stem, exactly like the sieve duels of tiie larger 
species. 

48. Tracheary Tissue. — Under thU bead 
are to be grouped those resBels which, 
while differing considerably in the detiuls, 
agree in having thickened walls, which are 
generally perforated at tbe places where 
similar vessels touch each other. The 
thickeaing, and as a consequence the per- 
forations, are of various kinds, bat gener- 
ally there is a tendency in the former to 
the production of spiral bands; this is 
more or less evident even when the bands 
oPm-ir^'^oto^- ^'^'™ * network. The transverse parti- 
gaMoa).'1a2™'*rrom t'^us, which may be horizontal or oblique, 
^m^ua^iOed^G ^^ ^^ some cases perforated with small 
""'**■ openings, in others they are almost or en- 

tirely absorbed. The diameter of the vessels is usually 
considerably greater than that of the surrounding cells and 
elements of other tissues, and this alone in many cases may 
serve to distinguish them. When young they contain pro- 
toplasm, but as they become older this disappears, and they 
then contain air. 
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Tracheary tisane is found only in ferns and their rela- 
tives and the flowering plants. The principal varieties of 
vessela found in tracheary tieaueB are the following: 

49. (l) Spiral Vessels, which are nfiually long, with fusi- 
form extremities; their walls are thickened in a spiral man- 
ner with one or more simple or branched bands or fibres 
(Fig. 16, v", v'", «""). This fonn may be regarded as 
the typical form of the vessels of tracheary tissue. Minged 
and reticulated vessels are opposite modifications of tl*^ 
spiral form; the first are due to an nnder-development of 




Fio, IS.— LonnitudlnalBectlonof aportiomrfUieBte _ 

pBtienB). u, arfmredTeBsel: «'.* veflsrl with rlnegaiKt short aplrala; «■', a ves- 
sel with two spirals; d"' and v"", vew?1s wltb braochrne aplralB! v""'i a Tcwel 
with Irregular Uilckeiiinga, [ormlng tbe reticulated vessel. 

the thickening in the young vessels, resalting in the pro- 
duction here and there of isolated rings (Fig, 15, v) ; reticu- 
lated vessels are due, on the contrary, to an over-develop- 
ment, which gives rise to a complex branching and anas- 
tomosing of the spirals (Fig, 15, «'""). 

50. (2) Scaiariform Vessels, — These are prismatic ves- 
sels whose walls are thickened in such a way as to form 
transverse ridges. They are wide in transverse diameter, 
and their extremities are fusiform or truncate (Fig. 16). 

61. (3) Pitted Vessels. — The walls of these vessels are 
tiiickeaed in such a way as to give rise to pits and dots. 



The vessels are usually of wide diameter; in some fomis 
they are Grossed at freqaent intervals by perforated hori- 
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zontal or inclined septa (Fig. 17) ; in other 
forms they have fusiform extremities. 

62, {4) Trachei^, — These consist for 
the moat part of single closed cells; other- 
wise they possess the characters of vessels. 
In one form (Fig. 18), as in the so-called 
wood-cells of Conifers, they are interme- 
diate in structure between the pitted ves- 
sels and the fibres of the wood of other 




Fia. le. 

Fio. Ifl.— Scalarifomi veBBelgot the common Brake (Pferlg). 

Fro. 17.— PilWd vengels 0( Dutcbman'a Fipw (Ariuliilochia Blpho>, from a long) 
tiidinal section ot the stem; the vesHel on ihe right Is eeeo In Bectioo. tfaat 01 
Ibe left from wUhoul. a. a. rings, whioh ore remnanW ot the origliial tnuiE 
verse panlUonB ; b, b. sections of Uie walls. 



flowering plants. Every gradation between these trachetds 
and the other forms of tracheary tissue occur. In another 
form, as in the wood of many common trees and shrubs, 
the tracheids are shorter than in the preceding, quite 
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regular in their form, and with tapering extremities (Fig, 
19). Their walls are bnt slightly thickened, and are 
marked with apirale and pita. When the wall between two 
contignouB cells breaks through or becomes absorbed, the 







Fia. la 
Ends of several tncheiaB from thi 




close relation of sach traohei'ds to spiral vessels is readily 



Trach^ds may be regarded as composing a less differen- 
tiated form of tissue, related on the one hand to tme tra- 
cheary tissne and OD the other to fibrous tissne. 
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PracUcal ^imIim.— The student should here make a good many 
observations upon the tissues described above, so as to become thor- 
oughly familiar with at least their typical forms. The following out- 
lino may direct him in his first studies : 

L Soft Tissue,— {a) Make very thin cross and longitudinal sections 
of a green stem of Indian corn. After excluding the woody bundles, 
the whole of the centml part of the stem is soft tissue. 

ip) Make similar sections of the central part of the stem of the cul- 
tivated geranium. 

{c) Make a very thin cross-section of an apple-leaf: the green 
cells are of soft tissue. 

{d) Mount a whole moss-leaf: it is entirely composed of soft tissue, 
although in its rudimentary midrib the cells have elongated, as if 
foreshadowing the higher tissues. 

(e) Mount several threads of Pond Scum: the whole plant is here 
composed of soft tissue. 

II. Thiek-angled Tissue. — {a) Examine a leaf -stalk of the squash or 
pumpkin, and note the whitish bands, one or two millimetres wide, 
which extend from end to end just beneath the epidermis. These are 
bands of thick- dngled tissue. They may be readily torn out, when 
the stalk will be found to have lost much of its strength. 

(p) Make a very thin cross section of the preceding leaf-stalk, and 
note the appearance of the thick angled tissue first under a low power 
and then under a higher. The sections must be made exactly at 
right angles to the axis of the bands of tissue in order to show well. 

(c) Make a number of longitudinal sections of the same leaf-stalk, 
in each case cutting through a band of the thick-angled tissue. Some 
of these will show the thickened angles, although there is always some 
difficulty in making them out in this section. 

(d) The stems of squash, pumpkin. Pigweed or Lamb*s Quarters 
(Ohenopodium), beet, and many other plants may be taken up next, 
and their thick-angled tissue studied in cross and longitudinal sec- 
tions. 

III. Stony Tissue. — (a) Break the shell of a hickory-nut, and after 
smoothing the broken surface cut off a very small thin slice; mount 
in water and a little potassic hydrate: the cell walls are so greatly 
thickened as to almost obliterate the cell -cavity. 

(h) Study similarly the stony tissue of the cocoa-nut, walnut, peach, 
cherry, etc. 

(c) Make cross-sections of the seed-coat of the apple, squash, meloi 
wild cucumber (Echinocystis), etc. It is instructive to make sections^ 
also, parallel to the surface of the seeds. 

(d) Make longitudinal sections of the pith of apple- twi^ and note 
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that some of the cells have thickened walls. These are very hard, 
and ai-e to be regarded as a form of stony tissue. They contain starch. 
IV. FibrouH TUaue. — (a) Split a young maple-twig, then with the 
scalpel start a thin longitudinal radial section, completing it by tear-* 
ing it off. Mount in water. The torn end will show good wood' 
fibres. 

(b) Make a very thin cross-section of the wood of the same twig, 
usnig a very sharp scalpel. Note the angular shape of the wood- 
fibres in this section. 

(c) Make a cross-section of the bark of the same twig and note the 
white bundles of bast-fibres, each fibre having greatly thickened 
walls and a very narrow cell-cavity. 

(d) Now make several longitudinal sections of the same twig so as 
to cut through one of the bundles of bast-fibres. Note the great 
length of the bast-fibres. 

(e) Make cross-sections of the wood of various trees, as oak, hick- 
ory, elm, ash, poplar, willow, and basswood, and note the differences 
in the amount and compactness of their fibrous tissue. 

(/) To isolate the wood-fibres, make a number of sections as inia) 
above, then heat for a minute or less in nitric acid and potassium 
chlorate. The fibres may now be separated under a dissecting micro- 
scope, or the specimens may be transferred to a glass slide and dis- 
sected by tapping gently upon the centre of the cover-glass. This is 
known as Schulze*s maceration. 

y. MUk-Tmue. — In studying milk-tissue it is necessary first to 
examine a drop of the milk (latex) under the microscope by trans- 
mitted light. When so examined it presents quite a different appear- 
ance from that by ordinary reflected light: thus white latex appears 
to be light granular bro^n. 

(a) Make thin longitudinal sections of the stem of a Milkweed 
(Asclepias). By careful searching, tubes containing latex (appearing 
light granular brown) may be seen. 

{h) Make a similar study of the stem of the large Spurge (Euphor- 
bia) of the greenhouses. Its milk-tissue is thick-walled and easily 
made out. 

(c) The more complex or reticulated forms of milk-tissue may be 
obtained from the stems of wild lettuce, garden-lettuce, poppy, and 
blood-root. 

((f) Collect a quantity of latex of a Spurge or Milkweed in a watch- 
glass and slowly evaporate it:' the residue will be found to consist of 
a sticky, elastic material resembling india-rubber. 

VI. Sieve-Tissue, — As sieve-tissue is always found in the woody 
bundles which run lengthwise through the higher plants, it is neces- 
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sary first to make a cross section of the stem to be studied in order to 
determine exactly the position of such bundles. It must be borne in 
mind that in most cases the sieve-tissue is confined to the outer side 
of the bundle, tliat is, to the side which faces the circumference of 
the stem. In the pumpkin, squash, melon, and related plants the 
bundles contain sieve-tissue on both outer and inner sides, that is on 
the side which faces the axis of the stem as well as on that which 
faces the circumference. This double nature of the bundles of these 
plants must be remembered in studying their sieve-tissue. 

(a) Make a longitudinal radial section through one of the larger 
bundles of the stem of the pumpkin. The sieve-tissue will be distin- 
guished by the thjck-looking cross-partitions (this is mainly due to 
the adhesion of the protoplasm to the walls). By adding alcohol or 
glycerine the protoplasm of each cell may be contracted as in Fig. 13. 
In some cases where the partitions are oblique the perforations may 
be seen. 

(b) Make very thin cross-sections of pumpkin-stem and examine 
carefully for sieve-plates. Where the section is made close to a plate 
it may be easily seen in such a specimen. 

(e) Make similar studies of the stem of the Indian corn. 

VII. Tracheary Tissue. — Here, as in the preceding, it is necessary, 
especially in herbareous plants, to first determine by a cross-section 
the position of the woody bundles, as tracheary tissue is always con- 
fined to them. 

(a) Make a thin longitudinal radial section through a bundle of the 
stem of the Garden Balsam or Touch me- not (Impatiens). If success- 
fully made it will show successively, passing outward, ringed, spiral, 
reticulated, and sometimes scalariform and pitted vessels, with grada- 
tions from one to the other, as in Fig. 15. 

(b) Make a thin cross-section of the same and study carefully in 
connection with the foregoing. 

{c) Make similar sections of the bundles of Indian corn. The large 
vessels which can be seen with the naked eye in cross section are 
pitted. 

(d) Study in like manner the tracheary tissue in the bundles of the 
pumpkin-stem. Here the large pitted vessels (which are very dis- 
tinctly visible to the naked eye) have their walls thrown into numer- 
ous folds. 

Note.— The large pores which are so distinctly visible in oak, chestnut, hick- 
ory, walnut, ash, and many other kinds of woods are pitted vessels like those of 
the Indian com and pumpkin. 

(e) Excellent scalariform vessels may be obtained from the bundles 
of the leaf stalks of ferns, or better still from the underground stem. 
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In the latter the bundles lie adjacent to the thick dark bands of fibrous 
tissue. 

(/) The tracheXds of Conifers (pines, spruces, etc.) make up very 
nearly the whole bulk of the wood of these trees. Make a longi^ 
tudinal radial section of a pine- twig by the method employed in 
studying fibrous tissue (lY. a, above). Note that the trachelds bear 
some resemblance to the wood-fibres of other wood. However, their 
large round bordered pits are characteristic. 

ig) Make longitudinal tangential sections of the same twig. Note 
that the bordered pits are not seen (except in section) in specimens so 
made. 

(h) Make cross-sections of the same twig and note that the tissue is 
homogeneous. Compare with a similar section of an oak-twig, and 
note the absence in the pine of the large pitted vessels which are so 
well shown in the oak. 

(») Make very thin longitudinal radial sections of the wood of hack- 
berry. By careful examination trachelds may be found resembling 
the wood-fibres, bpt marked with fine spirals. 

(J) Similar trachelds may be found intermingled with the wood- 
fibres of other trees, as the maple, box-elder, elm, etc. 

63. The Primary Meristem. — Under this name are 
grouped tlie unformed and growing tissues found at the 
ends of young stems, leaves, and roots. In these parts the 
tissues described above (paragraphs 36 to' 52) have not yet 
formed; they are, on the contrary, composed entirely of a 
mass of thin-walled, growing, and dividing cells contain- 
ing an abundance of protoplasm. In the lower plants the 
meristem-cells do not change much in their configuration 
or general structure as they develop into the ordinary 
plant-cells; but the higher the type of plant, the greater 
are the changes which take place during the development 
of meristem into permanent tissues. 

54. In most plants aside from the flowering plants the 
primary meristem is the result of the continually repeated 
division of a single mother-cell situated at the apex of the 
growing organ. In the simplest forms this apical cell 
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is the terminal one of a row of cells, as in many seaweeds 
and fnngi The apical cell, in such cases, keeps on grow- 
ing in length, and at the same time horizontal partitions 
are forming in its hasal portion. In this way long lines 
of cells may originate. 

55. In the more complicated cases the segments cnt off 
from the apical cell grow and subdivide in different planes, 
80 as to give rise to masses of cells, llie partitions wliich 




Fio. so.— I,one<nii!lliuU Bsctton ofapax ot sMm of n Mo>b (FontinallB antipf - 
Rtlca), V. apical cefl ; e. apical cell of lateral lear-tormlnK aboot, ariaing beloir 
a leaf: c, arm cell of leaf; h, b, b, cells rormlog cortex. 

Buccesaively divide the apical cell are sometimes perpendic- 
ular to its axis, bnt more frequently they are ohliqne to it. 
In most mosBea, for example (Fig. 20), the apical cell is a 
triangular, convex-based pyramid, whose apex is its proxi- 
mal portion. The successive segments are cut off from the 
apical cell by alternate partitions parallel to its sides, thus 
giving rise to three longitudinal rows of cells. Most ferns 
and their relatives have an apical cell not much different 
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from that of the majority of mosses. In Horsetails, for 
example, it is an inverted triangular pyramid, having a 
convex base. The segments (daughter- cells) are cut off by 
alternating partitions parallel to the plane sides of the 
pyramid, as in the mosses. In some mosses and ferns, how- 
ever, the apical cell is wedge-shaped — ^i.e., with only two 
surfaces — and in such cases two instead of three rows of 
meristem-cells are formed. 

56. In the flowering plants the primary meristem is de- 
veloped from a group of cells, instead of from a single one; 
they therefore have no apical cell. This group of cells 
occupies approximjitely the same position in the organs of 
flowering plants as the apical cell does in the mosses and 
ferns; it is composed of cells which have the power of 
indefinite division and subdivision. 

57. The apical cell and its actively growing daughter- 
cells in its immediate vicinity, or, in the case of the flower- 
ing plants, the apical group of cells with their daughter- 
cells, constitute the Growing Point or Vegetative Point 
(pwnctum vegetationis) oi the organ. When this active 
portion is conical in shape it is also called the Vegetative 
Cone. 



CHAPTER m. 
THE GROUPS OF TISSUES, OR TISSUE-SYSTEMS. 

58. The Differentiation of Tissues into Systems. — It rarely 
happens that the tissues which compose the body of a plant 
are uniform. In the great majority of cases the cells of the 
primary meristem become differently modified, so as to give 
rise to several kinds of tissues. The outer cells of the 
plant become more, or less modified into a boundary tissue, 
and the degree of modification has relation to its environ- 
ment. Certain inner cells, or lines of cells, become modi- 
fied into stony tissue, or some other supporting tissue 
(thick-angled, or fibrous tissue), and here again there is a 
manifest relation to the environment of the plant. 

59. Certain other inner cells, or rows of cells, become 
modified into tubes affording a ready means for conduction, 
and appear to have a relation to the physical dissociation 
of the organs of the higher plants, in which only they occur. 
Thus, in physiological terms, there may be a boundary tis- 
sue, a supporting tissue, and a conducting tissue lying in 
the mass of less differentiated ground-tissue. 

60. In different groups of plants the elementary tissues 
described in previous pages are aggregated in different 
ways, and are variously modified to form these bounding, 
supporting, and conducting parts of the plant. Several 
tissues, or varieties of tissue, are regularly united or aggre- 
gated in particular ways in each plant, constituting what 
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may be called Groups or Systems of Tissues. A Tissue- 
system may then be described as an aggregation of elemen- 
tary tissues, forming a definite portion of the internal 
structure of the plant. 

61. From what has already been said, it is clear that sys- 
tems of tissues do not exist in the lowest plants, and that 
they reach their fullest development only in the highest 
orders. It is evident also that these systems have no ex- 
istence in the youngest parts of plants, but that they result 
from a subsequent development. 

62. Many systems of tissues might be enumerated and 
described; but here again, as with the elementary tissues, 
while there are many variations, there are also many grada- 
tions, having on the one hand a tendency to give us a long 
list of special forms, and on the other to reduce them to 
one, or at most to two or three. 

63. The three systems proposed by Sachs are instructive, 
and will be followed here; they are: (1) the Epidermal 
System, composed mainly of the boundary cells and their ap- 
pendages (hairs, scales, breathing-pores, etc.) ; (2) the Fun- 
damental System, which includes the mass of unmodified or 
slightly modified tissues found in greater or less abundance 
in all plants (excepting the lowest) ; (3) the Fibro- vascular 
System, comprising those varying aggregations of tissues 
which make up the string-like masses or woody bundles 
found in the organs of the higher plants. 

64. The Epidermal System of Tissues. — ^This is the sim- 
plest tissue-system, as it is the earliest to make its appear- 
ance, in passing from the lower forms to the higher. It is 
also (in general) the first to appear in the individual devel- 
opment of the plant. It is sometimes scarcely to be sepa- 
rated from the underlying mass, as in most lower plants; 
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but in most higher plants it frequently attains some degree 
of complexity, and is sharply separated from the underly- 
ing ground-tissues. 

65. In the simpler epidermal structures of the lower 
plants the cells are generally darker colored, smaller, and 
more closely approximated than they are in the subjacent 
mass; in some of the higher fungi a boundary tissue may 
be easily separated as a thickish sheet, but probably in such 
case a portion of the underlying mass is also removed. In 
many lower plants there is absolutely no differentiation of 
an epidermal portion. 

66. The epidermal systems of ferns and flowering plants 
consist usually of three portions: (1) a layer of more or less 
modified parenchyma — the epidermis proper — ^bearing two 
other kinds of structures which develop from it, viz., (2) 
hairs, and (3) breathing-pores. 

67. Epidermis. — The differentiation of parenchyma in 
the formation of epidermis, when carried to its utmost ex- 
tent, involves three modifications of the cells, viz., change 
of form, thickening of the walls, and disappearance of the 
protoplasmic contents. 

68. These may occur in varying degrees of intensity; 
they may all be slight, as in many aquatic plants and in the 
young roots of ordinary plants; or the cells may change 
their form, while there may be little thickening of their 
walls, as in other aquatic plants and some land-plants 
which live in damp and shady places; or, on the other hand,^ 
the change of form of the cells may be but little, while 
their walls may have greatly thickened, resulting in a dis- 
appearance of their protoplasm, as may be seen in parts of 
some land-plants which grow slowly and uniformly. When 
the differentiation of epidermis is considerable, it can usu- 
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ally be readily removed as a thin transparent sheet of col- 
orless cells. 

69. The change in the form of the epidermal cells is due 
to the mode of growth of the organ of which they form a 
part; the lateral and longitudinal growth of an organ causes 
a corresponding extension and consequent flattening of the 
cells; if the growth has been mainly in one direction, as in 
the leaves of grasses, or if the growth in two directions has 
been regular and uniform, the cells are quite regular in 
outline; where, however, the growth is not uniform the 
cells become irregular, often extremely so (Fig. 24, page 38). 

70. The thickening of the walls is greatest in those plants 
and parts of plants which are most exposed to the drying 
effects of the atmosphere. It consists of a thickening of 
the outer walls, and frequently of the lateral ones also. 

71. The outer portion of the thickened walls sometimes 
separates as a continuous pellicle, the so-called cuticle, 
which extends uninterruptedly over the cells, and may be 
readily distinguished from the other portions of the outer 
epidermal walls. It is insoluble in concentrated sulphuric 
acid, but may be dissolved in boiling caustic potash. 
Treated with iodine it turns a yellow or yellowish-brown 
color. A waxy or resinous n\atter is frequently developed 
upon the surface of the cuticle, constituting what is called 
the bloom of some leaves and fruits. 

72. The protoplasm of the epidermal cells generally dis- 
appears in those cases where there is much thickening of 
the walls; it is always present in young plants and parts 
of plants; it is also frequently present in older portions, 
which are not so much exposed to the drying action of the 
atmosphere, as in roots, and the leaves and shoots of aquatic 
plants and of those growing in humid places. In few 



cases, hoverer, are granular protoplasmic bodies (e-g-, 
chlorophyll) present in epidermal oella. 

73. While the epidermis always consists at first of but 
one layer of cells, it may become split into two or more 




Bqiio^. o, hair of ft row of celU; b ard d. glanduliw luSm of (iifferent sgea; 
c, /. c, halrg In tbe voungeBt stages of Uieir deTelopment. Miucnitlnl 100 Umeg. 
Fia. Sa.—A se«dUDg muMard-plant with JtsslDgle root clothed with root-hairs; 
the newaat (lowenaoU) portion of tbe root is not yet provided witb root-hsjra. 

layers by subsequent divisions parallel to its surface, as in 
the Oleander and Cactus. 

14. The Hairs of the epidermis Originate mostly from the 
growth of single epidermal cells, and on their first appear- 
ance consist of slightly enlarged and protruding cells (Fig. 
21, e, /, c). These may elongate and form single-celled 
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haira, which ma^ be simple or variously branched. The 
most important of these haira are those which clothe so 
abundantly the yonng roots of most of the higher plants, 
and to which the naroe of Root-hairs has been applied 
(Fig. 22). These are composed of single cells, which have 
very thin and delicate walls, and are the active agents Id 
the absorption of nutritive matters for the plant. Some- 
times the terminal cell of a hair becomes changed into a 




dilneae Piimroae In aeienJ bU^ibb of develop- 



secreting cell and manufactures a gummy or resinous sub- 
stance. Such hairs are called Glandular Hairs and are com- 
mon on many plants (Fig. 23). 

7S. Breathing-Porei {stomaia; singular, stoma) consist, 
in most cases, of two specially modified chlorophyll -bear- 
ing cells, called the guard-cells, which have between them 
a cleft or slit passing through the epidermis (Fig. 24). 
These openings are always placed directly over interior 
intercellular spaces. 
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76. They occur on aerial leaves and stems most abun- 
dantly, being sometimes exceedingly numerous, and are 
exceptionally found elsewhere, as on the parts of the flow- 
ers. On submerged or underground stems and leaves they 
are found in less numbers, and from true roots they are 
always absent. The breathing-pores on leaves are gener- 
ally confined to the lower surface, and when present on the 




Fio. 24.— A bit of the epidermis of Wild Cucumber (Echinocjnstis), showinic 
breathing-pores at «, a, b. At g. fir, the epidermal ceUs are irr^rular; at v, over a 
vein, they are more regular. Magnified 250 times. 



upper they are usually much fewer in number; there are, 
however, some exceptions to this. 

77. In the light, under certain conditions of moisture and 
temperature, the guard-cells become curved away from 
each other in their central portions, thus opening the slit 
and allowing free communication between the external air 
and that in the intercellular spaces and passages of the leaf. 
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Tbe number of breathing-pores has been determined for many 
leaves. The following table will give an idea t»f their abundance on 
some common leaves: 



In one square 
millimetre. 



Upper 
side. 



Olive (Olea europen) 

Black Walnut (Juglaus nigra) 

Red Clover (Trifolium prateuse). 

Lilac (Syriu^a vulgaris) 

Sunflower (Helianthus annuus). . 

Cabbage (Brassica oieracea) 

Sycamore (Platan us occidentalis). 
Lombardy Poplar (Populus dila 

tata) 

Hop (Humulus lupulus) 

Plum (Prunus domestica) 

Apple (Pirus malus) 

Barberry (Berberis vulgaris) 

Pea (Pisum sativum) 

Box (Buxus sempervirens) 

Cherry (Prunus mahaleb) 

Thorn-apple( Datura stramonium) 

Indian Corn (Zea mais) 

Cottonwood (Populus moniiifera) 
Wind-flower (Anemone nemoro 

sa) 

Lily (Lilium bulbiferum) 

Iris (Iris germanica) 

Oats (A vena sativa) 






207 


175 
188 



55 









101 





114 

94 

89 





65 

48 



Under 
side. 



625 
461 
835 
330 
325 
302 
278 

270 
256 
253 
246 
229 
216 
208 
204 
189 
158 
131 

67 
62 
58 
27 



In one square inch. 



Upper 
side. 






133,515 



112,875 

88,910 



35,475 









65,145 





73.530 

60.630 

57,405 





41.925 

30,960 






Under 
side. 



403.125 
298.345 
216,075 
212,850 
209.625 
194.790 
179,810 

174.150 
165.120 
163.185 
158,d70 
147.705 
139,320 
134.160 
131.580 
121,905 
101.910 
84,495 

43.215 
89,990 
38.410 
17,415 






PrcteUcal Studies.— (a) Strip off a bit of the epidermis of a Live- 
forever leaf. Mount it in alcohol to avoid air-bubbles, and after- 
wards add water and a little potassic hydrate. Epidermal cells and 
breath ing.pores may be well seen. 

(b) Prepare in like manner the epidermis of both upper and under 
surfaces of a cabbage-leaf. Note the breathing-pores on both sur- 
faces; note also the hloom. 

{c) Make very thin cross-sections of a cabbage-leaf (by placing a 
piece of leaf between two pieces of elder-pith) so as to secure cross- 
sections of the epidermis. Note the thickened outer wall of the epi- 
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dennal cells. In some cases the separable culicle may be seen. Now 
and then a breathing-pore may be seen in cross-section. 

(d) Make similar sections of the Irsif of the oleander, cactus, com- 
pass-plant holly, or any others of a hard texture. Note in some cases 
(oleander and cactus) that there are several layers of epidermal cells. 

{e) Mount in alcohol a few hairs of tickle-grass (Panicumcapillare) 
ns examples of simple one-celled hairs. 

(/) Mount in like manner hail's of petunia, verbena, or walnut as 
examples of hairs made of a row of cells. Note that many of these 
are glandular. 

(g) Mount in like manner hairs of the mullein as examples of 
greatly branched hairs. 

78. The Fibro-vascular System. — In most of the higher 
plants portions of the interior tissues early become greatly 
differentiated into firm elongated bundles, which run 
through the other tissues. They are composed for the 
most part of tracheary, sieve, and fibrous tissues, together 
with a varying amount of parenchyma, and have a general 
similarity of arrangement and aggregation. In a few cases 
milk-tissue is associated with those above mentioned. To 
these collections of tissues the name of Fibro-vascular 
Bundles has been given. They are also called Woody 
Bundles and Vascular Bundles, but the name first given is 
to be preferred. 

79. In many plants the fibro-vascular bundles admit of 
easy separation from the surrounding tissues; thus in the 
Plantain (Plantago major) they may readily be pulled out 
upon breaking the leaf-stalk. In the leaves of plants, 
where they constitute the framework, they are, by macera- 
tion, readily separated from the other tissues as a delicate 
network. In the stems of Indian corn the bundles run 
through the intemodes as separate threads of a considera- 
ble thickness. 

80. In the fibro-vascular bundle of the stem of Indian 
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com the central portion ia composed of tracbeary tissue, 
coneisting of pitted, Bpiral, ringed, and reticulated veeaela 




Fit), ai.^Traoaverae sectlan of flbro-vmcular bundle or Indlui corn, o, sMu 
of bundle tooklDK toward iha circumference of thesUin: i. side of bundle look- 
ing toward tbe ceatre of the Btem; 0. 0, lar^e pitied veeeela: «. Eplral TeEseh r, 
ring of an annular vesael; I. alr-caTLCr fonnedby the brealilDK apart of the Bur- 
raundlng cells^ v, v. latticed cells, or Butt baat, a farm of aieye-lliiBue. AfaenlOed 



(Fig. 25, ff, g, s, r, and the tisaue between » — a, g — g). 
Lying by the side of the tracbeary tissae (on its outer side 
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as it is placed in the stem) U a loasa of sieve-tusne, com- 
posed of latticed cells {v, v, Fig. 25). Surrounding the 
whole is a thick mass of fibrous tissue composed of elon- 




Fm. 90,— Elbro-TSBcular bundle of Castor 

Sy, siete-tiuue poorlj developed ; b. b, Ix 
DlBgnlfled. 



0, tracheal? „.„u.^, 
mbium-cella. Blsh- 



gated, thick-walled cells (the shaded ones in the figure), 

81. In the Castor-oil Plant the limits of the fibro- vascular 
bundles are so poorly marked that in places it is impossible 
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to tell vhether the tissaea belong to them or to the sur- 
rounding ground-tissneB. The inner portion of the bundle 
((/, ff, t, t, Fig. 20, and s to t. Fig. 21) ia made up of trache- 
ary tJBSue of Bereral varietieB; on the inner edge of this 
tracheary portion lie several spiral veBsels («, », Fig. 27); 
next to these, on their outer aide, are scalariform and pitted 




Pto. S7.— A toncitudlnal nullal section of (be bundle fai Fig. 26. 

vessels {t,t,g,g. Fig. 26; /,(,«',Fig. 2J), intermingled with 
elongated cells, whose walls are pitted (A, k', h", h'". Fig. , 
27). The last-named are clearly related to the vossels 
which snrronnd them, and from which they ditfer only in 
their leas diameter, and in having imperforate horizontal 
or oblique partitions. They are donbtlesa properly claased 
with the trachcids (see paragraph 52), 

82. On the outer si5e of the tracheary portion just de- 
acribed lies a maaa of narrow, somewhat elongated, thin- 
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walled cells, which coBstitute a trae mcnBtem-tissae, to 
which the name of Cambium * has been given {c, c. Figs. 28 
and 27). Next to the cambium lie, in order, sieTe-titwne 
and soft tissue (parenchyma) ; theae do not occupy separate 
zones, but are more or less intermingled, forming a mass 




F. pltl«d vemds; ph, Bleve-Clsauei «, bundle-sheBiii. 



called the Soft Bast {y,y,y, Fig. 26, andp, Fig. 27). The 
Bieve-tissue includes sieve-tubea and cambiforra or latticed 
cells. In the extreme outer border of the bundle is a mass 
of fibrous tissue {b,b). llie layer of starch-bearing cells 



* Cambium, & low LatlD word it 
The term wfta intraduced when iti 
applied wafl not uoderalood- 



a liquid 



cornea K^utinoua. 
lure oC die port la whicb It ffiu 
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«C tis« lanA-named tissue is the so-called ^' bun- 



dle-sheath." 

83. In most higher flowering plants the fibro-vascular 
bundles of the stems have a structure essentially like that 
of the Castor-oil Plant just described. In them it is evi- 
dent at a glance that the bundle is divided into two some- 
what similar portions, an inner and an outer, by the cam- 
bium zone. Nageli, who first pointed out these divisions, 
named the inner one the Xylem portion, because from it 
the wood of the stem is formed; the outer he named the 
Phloem portion, for the reason that it develops into bark. 
If we wish to be less technical we may call the first the 
Wood portion, and the second the Bark portion. 

84. In some cases the xylem and phloem are composed 
of corresponding tissues, (1) Vessels, (2) Fibres, and (3) 
Soft Cells. The vessels are the tracheary tissue in the 
xylem and the sieve-tissue in the phloem. The fibrous 
tissue of the xylem is the variety with the shorter and 
harder fibres, known as wood-fibres; that of the phloem is 
composed of the longer and tougher ba^it-fibres. The soft 
tissue (parenchyma) of the two portions is much alike. 

85. In the fibro-vascular bundle of the young roots of 
Sweet Flag there are many radially placed plates of trache- 
ary tissue {ppy Fig. 28), which alternate with thick masses 
of sieve-tissue (ph). Between these alternating tissues, and 
within the circle formed by them, there is a mass of soft 
tissue. The whole bundle is separated from the large-celled 
soft tissue of the root by a well-marked bundle-sheath (s) ; 
the latter is bounded interiorly by a layer of active thin- 
walled cells (the pericambium), from which new roots origi- 
nate. In the older roots the central cell-mass is trans- 
formed into stony tissue. 
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86. The boDdle of the larger Club-moeaeA (Lyoppodium) 
contains several parallel plates of tfacheary tissue. Between 
the tracheary plates there is in each case a row of sieve- 
tubes imbedded in a lignified tissue composed of elongated 
cells (stony, or fibrous tissue F). Around this central fibro- 
Tascular portion there is a layer of soft tissue (parencby- 
ma), and outside of this a bundle-sheatfa, exterior to which 



of a laiger Club-mOM (I^rco- 

lies a thick mass of fibrous tissue completely enveloping all 
the previously described tissues. 

87. The bundle in the smaller Club-mosses (Sela^nella) 
is much like a single plate of the preceding. There is in 
each bundle a central plate of tracbeary tissue, consisting 
of a few narrow spiral vessels in its two edges and a re- 
maining mass of scalariform vessels (Fig. 30). The tra- 
cbeary portion is surrounded by a tissue of elongated, thin- 
walled tissue which is, at least in part, a sieve-tissue. In 
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tliis and allied species the bandies are cnrionsly isolated 
from the sarronnding ground-tissaes of the stem. 

88. The fibro-TOficalsr bundle of tbe andergroand stem 
of tbe common Brake-fern (Pteris) is composed of trache- 




Club-moas (Sebgl- 



ary, ueve, and soft tissnes and a small amount of poorly 
developed fibrons tisBue, In transTerae section the bundle 
has usually an elliptical outline. The great mass of tbe 
bundle is made np of large scalariform vessels, which 
occupy ^ts interior (g,g,g. Fig. 31). Enclosed in the soa- 
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lariform tissue are masses of soft tissae (parenchyma) and 
a few spiral vessels, the latter occurriDg near the foci of 
the elliptical cross-section of the bundle (*). Surrounding 
or partly surrounding the tracheary portion of the bundle 
is a layer of sieve-tubes («p), separated from the large sca- 




lariform vessels by a layer of parenchyma. Ontside of the 
sieve-tissue is a mass of fibrons tissue (i), which is itself 
bounded externally by another layer of parenchyma. The 
whole bnndle is surrounded by a bun die -sheath. 

89. A noticeable feature in the structure of this bundle 
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is that the tissues have a concentric arrangement: the tra- 
cheary tissue is encircled by a layer of parenchyma; this 
by one of sieve-tissue; this again by fibrous tissue; and 
80 on. 

90. De Bary's classification of fibro-vascular bundles is 
useful in designating their general plan. He includes all 
forms under three kinds, viz., (1) the Collateral bundle, 
which has one mass of xylem by the side of a single mass 
of phloem; (2) the Concentric bundle, which has its tissues 
arranged concentrically around one another; (3) the Radial 
bundle, which has its tissues arranged radially about its 
axis. 

91. The development of the fibro-vascular bundle takes 
place in this wise : in the previously uniform primary 
meristem there arises an elongated mass of cells, consti- 
tuting the Procambium of the bundle; as it grows older 
the cells, which were at first alike, become changed into 
the vessels, fibres, and other elements of the bundle-tissues. 
In most higher flowering plants this change begins on the 
two sides of the bundle — i.e., on the outer edge of the 
phloem and the inner edge of the xylem; from these points 
the change into permanent tissue advances from both sides 
toward the centre of the bundle. 

92. In some cases all of the procambium is changed into 
permanent tissue, forming what is termed the closed bun- 
dle; in other cases there is left between the phloem and 
xylem a narrow zone of the procambium (now called the 
cambium), forming what is known as the open bundle. 
Closed bundles are thus incapable of further growth, while 
open bundles may continue to grow indefinitely. 

93. The fibro-vascular bundles of leaves and the repro- 
ductive organs are quite generally reduced by the absence 
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of one or more tiaanes; this redaction may be bo great as 
to leare bat a single tiasne, which in many oaeea is com- 
posed of only a few spiral ves- 
sels or tracheids (Fig. 32). In 
I other cases, instead of spiral 
[ vessels the bundle may consist 
a few fibres of baet; or of 
elongated, thin - walled cells, 
which are doubtless to be re* 
garded as meristem-cells which 
failed to fully change into one 
of the ordinary permanent tis- 
sues: this last is a very com- 
mon accompaniment of redaced 
bandies. 

Praetieal Stvdk*. — (a) Break a 
siem ot tbe Indian corn aaft note 
Willi tbe Doked-eye tlie toiigh atring- 
like fibro- vascular bundles wliicL run 
tlirough tbe soft tisBues. Examine 
In like manner the flbro-vascular 

Fro. 81— TBnnlnsI portions of flbro- w„„ji„ „» ,.,„ „„„„„„ j„„> „._i 
TOscular bimdiw in a leaf, reduced bundles of Hie common door-yard 
Ut tracheids and spiral vesaels. Plantain. 

{b) Make n very tliin cross-sec lion 
of tlie Btem of todian com and, using tlie microscope, study tbe bun- 
dles carefully by comparing witli Fig. 86. In bundles from young 
stems the tllirous tissue will not sliow as good a development as In 
the figure. 

(n) Now make thin longitudinal sections of a bnndle in such a man- 
ner ns to have ibe sections pass ttirougb a and i in the figure. This 
may be done by slicing tlie sCem in a longituditial radial direction. 
Study again by comparison wilU the tigure and with llie previous 
specimen. 

(if) Make ihln longitudinal sections of a bundle Bt right angles to 
tbe last (by longiludinsl tangenli](l sections of the stem). 

(«) Study in like manner the handles of sugar-cane and asparagus. 

(/) Study by BimiliCr sections the bundles of the young stem of 
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the Castor-oil Plant and Red Glover. The^ latter is very conveDient 
for study, as the uppermost joints will furnish as young bundles as 
are required, while lower down all older stages may be obtained. In 
these note the cambium-zone. 

(g) Make very thin cross-sections of a root of germinating Indian 
corn. The first section should be made within a few millimetres of 
the root-tip. Others should then be made at a greater distance. . By 
staining the specimens with carmine the sieve-regions may be demon- 
strated better. Note the bundle-sheath. 

(h) Study in like manner the bundle in the stem of the Club-mosses 
(some of the species are known as Ground-pines), and if possible make 
comparison with sections of the smaller Club-mosscs (grown in green- 
houses often under the name of Lycopodium, although they are in 
reality species of Selaginella). 

(%) Dig up the underground stem of the common Brake-fern 
(Pteris); preserve what is not wanted immediately in alcohol. The 
bundles may be seen by the naked eye by making a clean cross-cut 
and examining carefully in the region immediately surrounding the 
two dark masses of fibrous tissue. Make thin cross-sections and study 
with the microscope , comparing with Fig. 31. Longitudinal sections 
in two planes should be made as in c and d above. 

(J) Make very thin longitudinal sections of some of the reduced 
bundles which constitute veins and veinlets of leaves, e.g., in gera- 
nium and primrose. 

{k) Make similar sections of the bundles of petals, e.g., fuchsia. 

(0 Soak petals of fuchsia for several days in potassic hydrate, then 
wash in water and carefully mount in pure water. The reduced 
bundles may generally be well seen by this treatment. 

94. The Fundamental System of Tissues. — This system 
includes all the tissues which in any part of a plant fre- 
quently make up the bulk of that part, but are not included 
in the epidermal or fibro- vascular systems. Thus if from 
any stem, for example, we should strip off the epidermis 
and then pull out the fibro-vascular bundles, that which 
remained would be the Fundamental System of Tissues. In 
those plants (of the lower orders) which have no fibro- 
vascular bundles everything inside of the epidermis belongs 
to the fundamental system. On the other hand, in the 
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stems of our woody trees there is but very little of the fun- 
damental system present, making up the very small pith and 
the thin plates (medullary rays) running radially through 
wood and bark. 

95. In its fullest development the fundamental system 
may contain soft tissue (parenchyma) of various forms, 
thick-angled tissue, stony tissue, fibrous tissue, and milk- 
tissue. Their arrangement, within certain limits, presents 
a considerable degree of similarity in nearly related groups 
of plants, but this is by no means as marked as in the case 
of the fibro-vascular system. 

96. (l) Soft tissue (parenchyma) is the most constant of 
the fundamental tissues; it makes up the whole of the in- 
terior plant-body in those plants where there has been no 
differentiation into more than one tissue, and it is present 
in varying amounts in all plants up to and including the 
highest. 

97. (2) Thick-angled tissue (coUenchyma) when present, 
as it generally is in the stems and leaves of flowering 
plants, is always either in contact with or near to the epi- 
dermis. 

98. (3) Stony tissue (sclerenchyma) is common beneath 
the epidermis of the stems and leaves of flowering plants and 
ferns, and the stems of mosses. It sometimes appears to 
replace thick-angled tissue. Some elongated forms of stony 
tissue are scarcely to be distinguished from fibrous tissue. 

99. (4) Fibrous tissue occurs in some leaves and stems 
near to the epidermis. In ferns it forms thick band-like 
masses, giving strength to the stems. 

100. (5) Milk-tissue (laticiferous) may occur, apparently, 
in any portion of the fundamental system of flowering 
plants. 
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101. It is thus seen that in general the tissues of the 
fundamental system are so disposed that the periphery is 
harder and firmer than the usually soft interior, although 
there are many exceptions. This general structure has 
given rise to the term Hypoderma for those portions of the 
fundamental system which lie immediately beneath or near 
to the epidermis. Hypoderma is not a distinctly limited 




Fio. 83.— Transverse section of one-jear-old stem of Ailanthus. e, epidermis; 
fc, cork-oells; r, inner green cells; between k and r a layer of cells filled with 
protoplasm, called the phellogen, or cork-cambium. Magnified 850 times. 

portion — in fact, it is often difficult to say how far it does 
extend; however, it usually includes several, or even many, 
layers of cells, or the whole of each of the tissue-masses 
(e.g., thick-angled, stony, and fibrous tissues, etc.) which 
immediately underlie the epidermis. 

102. Cork. — Within the zone which the hypoderma in- 
cludes there frequently takes place a peculiar development 
of the young parenchyma, giving rise to layers of dead 



54 BOTAA'T. 

cells, whose cavitieB are filled with air only. The walla in 
Home cases (e.g., the cork-oak) are thin and weak, while in 
others (e.g., the beech) tfaey are maoh thickened, and ita 
all oases they are nearly impermeable to water. True cork 
is destitute of iutercellular spaces, its cells being of regular 
shape (generally coboidal) and fitted closely to each other 
(Fig. 33). 

103. Cork-substance is formed by the repeated subdi- 
vision of the cells of a meristem layer of the fundamental 




tissue (Fig. 33); these continue to grow and divide by par- 
titions parallel to the epidermis, forming layers of cork 
with its cells disposed iu radial rows (Fig. 33, k). Shortly 
after their formation the cork-cells lose their protoplasmic 
contents, while beneath them new cells are constantly being 
cut off from the cells of the generating layer; in this way 
the mass of dead cork-tissue is formed and pushed ont from 
its living base. 

104. The generating tissue is called the Cork-cambium, 
or Fbellogen; it occurs not only in the hypoderma, but in 
any other part of the fundamental system, and in the sec- 
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ondary fibro-vascular bundles. When a living portion of 
a plant is injured, as by cutting, the uninjured cells beneath 
the wound often change into a layer of cork-cambium, from 
which a protecting mass of cork is then developed. 

105. A little cork-cambium sometimes forms immediately 
beneath a breathing-pore, and produces a little mass of cork 
which pushes out and finally ruptures the epidermis, form- 
ing what are called Lenticels (Fig. 34). Lenticels are of 
frequent occurrence on the young branches of birch, beech, 
cherry, elder, lilac, etc., and may be distinguished by the 
naked eye as slightly elevated roughish spots, usually of a 
different color from the epidermis. 

Prac&ecU Studies. — (a) Make cross-sections of the stem of the 
pumpkin. Note that the fundamental portion contains only soft and 
thicls-angled tissues. 

{b) Make a similar section of milkweed (Asclepias) stem. Note 
that the fundamental portion contains soft, thick-angled, and milk 
tissue. 

(c) Make cross and longitudinal sections of the leaf of the Scotch 
or Austrian Pine. Note the fibrous tissue in the hypodermal portion. 

(d) The stone-cells in the pith of the apple-twig are good examples 
of this tissue in the fundamental system. 

(e) Examine the cells which make up the medullary rays of the old 
wood of the oak or beech. They will be found to be stony tissue. 
In young wood they are thin-walled and thus constitute soft tissue 
(parenchyma). 

(/) Make very thin sections (in different planes) of commercial cork 
(the product of the Cork-oak of Southern Europe) and mount in alc(»- 
hol to expel the air-bubbles. Note the thin walls and the approxi- 
mately cubical shape of the cells. 

(g) Make very thin cross-sections of a young twig of the apple, 
snowball, or birch, so as to cut through a young lenticel. Mount in 
alcohol as before. 

106. Intercellular Spaces. — In addition to the cavities 
and passages which are formed in the plant from cells and 
their modifications, there are many important ones which 
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are intercellular and which at no time were composed of 
cells. In some cases thej so closely resemble the cavities 
derived from cells that it is with the greatest difficulty 
that their real nature can be made out. In their simplest 
form they are the small irregular spaces which appear 
during the rapid growth of parenchyma-celU (Fig. 36); 
from these to the large regular canals which are common 
in many water-plants there are all intermediate gradations. 




YiQ. 85.— A bit of the soft t^ue of the pith of the stem of Indian corn ; trans- 
Terse section, gtn, simple plate of cellulose, forming the partition-wall between 
two cells; z, z, intercellular spaces caused by splitting of the walls during rapid 
growth. Mag^fled 550 times. 

107. In leaves, especially in the soft tissue of the under 
portion, there are usually many large irregular spaces be- 
tween the cells; they are in communication with the exter- 
nal air through the breathing-pores, and contain only air 
and watery vapor, llie leaf-stalks and stems of many 
aquatic plants contain exceedingly large air-conducting 
intercellular canals, which occupy even more space than 
the surrounding tissues (Fig. 36). In the rushes, water- 
lilies, and water-plantains they are so large as to be readily 
seen by the naked eye. These all are in communication 
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vith the external air tbroiigb the breathing-pores and the 
intercellular spaces of the leaveB. 




Some intercellular spaces serve as reservoira of gum- 
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my or resinous secretions. Such ones are surrounded by 
secreting cells which manufacture the gummy or resinous 
matter and then exude it into the cavity. The Turpentine- 
canals of the pines and spruces are of this nature, the well- 
known turpentine being secreted by one or more rows of 
cells which border the rather large canals. The function 
of these canals with their secretion has not yet been made 
out with certainty. The recent suggestion that the tur- 
pentine may be for the coating over of wounds is by no 
means satisfactory. 

Practical Studies. — (a) Make extremely tliin cross-sections of the 
stem of Indian com, using a very sharp scalpel (or razor). Note' the 
small triangular intercellular spaces. 

(b) Make thin cross-sections of an apple-leaf and note the intercel- 
lular spaces of the lower half of the section. Remember that in this 
leaf there are nearly 250 breathing- pores to every square millimetre 
of lower surface, while there are none at all upon the upper. 

(e) Study in cross-section the intercellular spaces in the stem of the 
Rush (Juncus), and the leaf-stalks of water-lilies, water-plantains 
(Alisma), and arrowheads (Sagittaria). 

(d) Study turpentine-canals in very thin cross-sections of leaves of 
pines and spruces. The larger-leaved species, as Scotch, Austrian, 
or Scrub pine, and the Balsam-fir, are the most satisfactory. 

(e) Make cross sections of the twigs of White pine and study tur- 
pentine canals in bark and wood. 

(/) Study the oil-receptacles in the fresh rind of the orange and 
lemon by thin cross- sections. These are not strictly intercellular, 
but are fonned by the breaking away of the secreting cells, thus leav- 
ing a cavity. 

(g) The similarly formed oil -receptacles of the mints and the gar- 
den Fraxinella may be studied by making very thin cross-sections of 
the leaves, 



CHAPTER IV. 

THE PLANT BODY. 

109. Generalized Forms. — The cells, tissues, and tissue- 
systems described in the preceding pages are variously ar- 
ranged in the different groups of the vegetable kingdom 
to form the Plant-Body. The simplest plants are single 
cells or masses of similar cells; in those next higher the 
cells are aggregated into a few simple tissues; while still 
above these the tissues are grouped into tissue-systems. 

110. With this internal differentiation there is a corre- 
sponding differentiation of the external plant-body. The 
lower plants are not only simpler as to their internal struc- 
ture, but they are so as to their external form as well. 
The higher plants are as much more complex than the lower 
ones as to their external parts as they are in regard to their 
tissues and tissue-systems. 

111. In the lowest groups of plants the simple plant-body 
has no members; the single- or few-celled seaweed has no 
parts like root, stem, or leaf; it is a unit as to its external 
form. In the higher groups, on the contrary, the plant- 
body is composed of several or many members which are 
less or more distinct. In those plants in which they first 
appear, the members are not clearly or certainly to be dis- 
tinguished from the general plant-body; but. in the higher 
groups they become distinctly set off, and are eventually 
differentiated into a multitude of structural and functional 
forms. 
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112. Every plant in its earliest (embryonic) stages is 
simple and memberless; and every member of any of the 
higher plants is at first indistinguishable from the rest of 
the plant-body; it is only in the later growth of any mem- 
ber that it becomes distinct; in other words, every member 
is a modification of, and development from, the general 
plant-body. 

113. Likewise, where equivalent members have a differ- 
ent particular form or function, it is only in the later 
stages of growth that the differences appear. All equi- 
valent members are alike in their earlier stages, whether, 
for example, they eventually become broad green surfaces 
(foliage-leaves), bracts, scales, floral envelopes, or the essen- 
tial organs of the flower. 

114. These facts make it necessary to have some general 
terms for the parts of the plant-body which are applicable 
to them in all their forms. We must have, for example, a 
term so generalized as to include foliage-leaves, bracts, 
scales, floral envelopes, and all the other forms of the so- 
called leaf -series. So, too, there is need of a term to in- 
clude stems, bulb-, bud- and flower-axes, root-stocks, corms, 
tubers, and the other forms of the so-called stem-series. 

116. By a careful study of the members of the more per- 
fect plants we find that they may be reduced to four gen- 
eral forms, viz., (1) Caulome^ which includes the stem and 
the many other members which are found to be its equiva- 
lent; (2) Phyllomey including the leaf and its equivalents; 

(3) Trichomey which includes all outgrowths or appendages 
of the surface of the plant, as hairs, bristles, root-hairs, etc. ; 

(4) the Hoot, which includes, besides ordinary subterranean 
roots, those of epiphytes, parasites, etc, 

116. As indicated above, in the lower plants the differ- 
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entiation into members is not so marked as in the higher, 
and in passing downward in the vegetable kingdom groups 
are reached in which it is inappreciable, and finally in 
which it is entirely wanting: such an undifferentiated 
plant-body is called a ThaUome^ and may properly be re- 
garded as the original form, or prototype. 

117. Thallome. — ^The simplest thallome is the single cell; 
this^though generally rounded, is in some cases irregu- 
larly extended into stem-like or leaf-like portions, which 
may be regarded as, to a certain extent, foreshadowings or 
anticipations of the members of the higher plants. Plants 
composed of rows of cells or cell-surfaces frequently show 
no indication whatever of a division into members; but in 
some cases there is a little differentiation, which, though 
not carried far enough to give rise to members, is the same 
in kiAd. 

118. In the larger seaweeds there is sometimes so much 
of a differentiation that it becomes difficult to say why 
certain parts ought not to be called members. Structures 
of this kind are instructive, as showing that the passage 
from the thallome plant-body to that in which members 
are differentiated is by no means an abrupt or sudden 
one. 

119. Caulome. — By this general name we designate all 
axial members of the plant. In the more obvious cases the 
caulome is the axis which bears leaves (foliage), and in this 
form it constitutes 

(1) The Stem ; branches are only stems which originate 
laterally upon other stems. 

The other caulome forms are: 

(2) Runners^ which are bract-bearing, slender, weak, and 
trailing. 
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(3) Root-stocks^ which are bract- or scale-beariDg, usually 
weak, and generally subterranean. 

(4) Tubers^ which are bract- or scale-bearing, short and 
thickened, and subterranean. 

(5) CormSy which are leaf -bearing, short and thickened, 
and subterranean. 

(6) Bulb-axeSy which are leaf-bearing, short and conical, 
and subterranean. * 

(7) Fhwer-axeSy whicli are bract-, perianth-, stamen-, and 
pistil-bearing, short and usually conical and aerial. 

(8) Tendrils, which are degraded, slender, aerial cau- 
lomes, nearly destitute of phyllomes. 

(9) Thorns, which are degraded, thick, conical, aerial 
caulomes, nearly destitute of phyllomes. 

120. Fhyllome. — The phyllome is always a lateral mem- 
ber upon a caulome. It is usually a flat expansion and ex- 
tension of some of the tissues of the caulome. Its most 
common form is 

(1) The ico/" (foliage), which is usually large, broad, and 
mainly made up of chlorophyll-bearing tissue. 

The other phyllome forms are: 

(3) tracts, which are smaller than leaves, generally green. 

(3) Scales, which are usually smaller than leaves, want- 
ing in chlorophyll-bearing tissue, and generally with a firm 
texture. 

(4) Floral envelopes, which are variously modified, but 
generally wanting in chlorophyll-bearing tissue, and with 
generally a more delicate texture. 

(5) Stamens, in which a portion of the soft tissue devel- 
ops male reproductive cells (pollen). 

(6) Carpels, bearing or enclosing female reproductive 
organs (ovules). 
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(7) Tendrils and (8) Spines^ which are reduced or de- 
graded f oniis, composed of the modified fibro-vascular bun- 
dles and a very little soft tissue; in the first the structures 
are weak and pliable, in the latter stout and rigid. 

The altogether special modifications of the phyllome, as 
in pitchers and cupsy will be noticed hereafter. 

121. Trichome. — -The trichome is a surface appendage 
consisting of one or more cells usually arranged in a row 
or a column, sometimes in a mass. Its most common forms 
are met with in 

(1) The Hairs of many plants. (See page 36.) 
The other trichome forms are: 

(2) Bristles^ each consisting of a single pointed cell or 
a row of cells, whose walls are much thickened and hard- 
ened. 

(3) PrickleSy like the last, but stouter, and usually com- 
posed of a mass of cells below. 

(4) ScaleSy in which the terminal cell gives rise by fission 
to a flat scale, which soon becomes dry. 

(6) Glands^ which are generally short, bearing one or 
more secreting cells. 

(6) Hoot-hairSj which are long, thin, single-celled (in 
mosses a row of cells), and subterranean. 

(7) Sporangia of ferns and their relatives, some of whose 
interior cells develop into reproductive cells (spores). 

(8) Ovvles of flowering plants one or more of whose cells 
develop into reproductive cells (embryo-sacs). 

122. Boot. — The root is that portion of the plant-body 
which is clothed at its growing point with a root-cap. In 
ascending through the vegetable kingdom roots are the 
latest of the generalized forms to make their appearance, 
and in the embryo they appear to be formed later than 
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caulome and phyllome. They present fewer variations 
than any of the other generalized forms. The ordinary 
(1) Subterranean roots of plants are typical. They differ 




Fio. 38. 




Fig. 39. 



Fio. 38.— Diagrams of dichotomous branching. A. normal dichotomy, in 
which each branch is aeain dtchotomously branched ; B, helicoid dichotomy, in 
which the right-hand branch, r, does not develop further, while the left-hand 
one, i, iA in every case again branched; C scorpioid dichotomy, in which the 
branches are alternately further developed. 

Fio. 39.— Diagram of botryose monopodial branching. The numerals indicate 
the ' ' generations. ' ' 



but little from one another in whatever plants they may 
be found. 

The other root-forms are: 

(2) Aerial roots, which project into the air, and often 
have their epidermis peculiarly thickened, as in the epi- 
phytic orchids. 

(3) Hoots of Parasites, which are usually quite short. 
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&nd in some cases provided with sucker-like organs, by 
means of which they absorb food from their hosts. 

123. General Modes of Branching of Members. — All the 
members of the plant-body may branch. This branching 
always follows one of two general methods. In the' one 
the apex of the growing member divides into two new 
growing points, from which branches proceed: this is the 
Dichotomc/iAs mode of branching (Fig. 38). In the other 





Fio. 40.— Diagrrams of cymose monopodial branching. A and B^ scorpioid 
cjrmeB; C. forked cymose nionopodium, the compound or falsely dichotomous 
cyme (called also the dichaaiumy. D, helicold cyme. 



the new growing points arise laterally while the original 
apex still retains its place and often its growth: this is the 
Monopodial mode of branching (Fig. 39). Both modes 
are subject to many modifications, the most important of 
which are briefly indicated in the following table; and 
moreover a member may branch for a time dichotomously 
and then monopodially, or the reverse. 
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A. DIGHOTOMOU8. 

1. Forked dichotomy, in which both branches of each bifurcation are 
equally developed (Fig. 38, A). 

2. SympodiaX dichotomy^ in which one of the branches of each bifur- 
cation develops more than the other. 

a. HeUcoid sympodial dichotomy ^ in which the greater develop- 
ment is always on one side (Fig. 38, B). 

b. Scorpioid sympodial dichotomy, in which the greater develop- 
ment is alternately on one side and the other (Fig. 38, C). 

B. MONOFODIAL. 

1. Botryose monopodium, in which, as a rule, the axis continues to 
grow, and retains its ascendency over its lateral branches (Fig. 39). 

2. Oymose monopodium, in which the axis soon ceases to grow, and 
is overtopped by one or more of its lateral branches. 

a. Forked cym^se monopodium, in which the lateral branches are 

all developed (Fig. 40. C). 
h. Sympodial eymose monopodium, in which some of the lateral 
branches are suppressed; this may be — 
b\ Helicoid, when the suppression is all on one side (Fig. 40, 

i));or— 
b", Scorpioid, when the suppression is alternately on one 
side and the other (Fig. 40, A and 5). 

PracticaX Studies. — (a) Mount and examine under a low power of 
the microscope or by the naked eye alone the following in order as 
examples of thallomes: 1, Green Slime; 2, Pond Scum; 3, the first 
sUige of a fern "seedling" (little flat green growths, 3-5 mm. across, 
which often appear on tlie earth near ferns in greenhouses); 4, Sea- 
lettuce (Ulva); 5, Irish moss (Chondrus), the latter showing amuch- 
lobed form. 

(b) Study as examples of caulome forms the following in order 
1, the stem of Lamb's Quarters, or Indian corn; 2, runners of the 
strawberry; 3, root-stocks of blue grass; 4, tubers of the potato; 5, 
corms of Gladfolus, or Indian turnip; 6, bulb-axis of the onion; 7, 
flower-axis of anemone, buttercup, tulip, or lily; 8, tendrils of the 
grape, or Virginia creeper; 9, thorns of honey-locust, or plum. 

(c) Study as examples of phyllome forms: 1, leaf of apple, cherry, 
or Indian Corn, etc.; 2, bracts of flower-cluster of cress, sweet- 
william, golden -rod, or aster; 3, scales of buds of hickory or lilac; 
4, floral envelopes of anemone, buttercup, tulip, or lily; 5, stamens 
of any of the above; 6, carpels of anemone, buttercup, columbine, 
etc. ; 7, tendrils of pea, or vetch ; 8, spines of thistles. 
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{d) Study as examples of phyllome forms: 1, hairs of petunia or 
verbena; 2, bristles of tickle-grass; 8, prickles of the hop; 4, scales 
of the buflFalo-berry, or elseagnus; 5, glands of the petunia or walnut; 
6, root-hairs of seedling cabbages, radishes, etc. ; 7, sporangia of com- 
mon polypody fern; 8, ovules of anemone, buttercup, columbine, 
bouncing-bet, etc. 

{e) Study for root-forms: 1, roots of seedling cabbages, radislies, 
etc. ; 2, aerial roots of greenhouse orchids ; 3, parasitic roots of 
dodder or mistletoe. 



CHAPTER V. 
THE CHEMISTRY AND PHYSICS OF PLANTS. 

124. The Water in the Plant.— All living parts of plants 
are abundantly supplied with water. It is always present in 
living protoplasm, and the greater its activity the more 
watery is its composition. The cell- walls of living tis- 
sues also contain large quantities of water ; and in plants 
composed of many cells (as the larger flowering plants) 
even those cells and tissues which have lost their activity 
generally have their walls saturated with water. In ordi- 
nary herbaceous land-plants the amount of water is not far 
from 75 per cent of their whole weight. In aquatic plants 
the percentage is much higher, often exceeding 96 ; it is 
so abundant in many of the simpler forms that upon dry- 
ing nothing but an exceedingly thin and delicate film is 
left. 

125. Water in the Protoplasm.— As explained in para- 
graph 4 (page 2), living protoplasm has the power of im- 
bibing water and thereby of increasing its fluidity. Even 

^ after it has imbibed all the water which it can retain it 
continues the process, and separates the surplus in drops in 
its interior — the so-called vacuoles. Now an examination 
of the cells of rapidly growing tissues shows that their 
protoplasm is much more watery than that of living but 
dormant tissues — e^g., those of seeds — ^and one of the first 
signs of activity in the latter is tb^ imbibition of water, 
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126. This avidity of protoplasm for water plays an im- 
portant part in the general economy of the plant. By it 
all the cells which contain protoplasm are kept torgid, and 
by the tension thas created the soft parts of plants are 
made rigid. It plays no small part also in keeping up the 
supply of moisture in living tissues when wasted by evapo- 
ration. 

127. Water in the Cell- Wallg.— According to Nageli's the- 
ory, the wall of the cell is not a membrane which separates 
the water of one cell-cavity from that in the next, but rather 
a pervious stratum, composed of solid particles (molecules) 
which are not in contact, and between which the water 
freely passes. In a living tissue the water is continuous 
from cell to cell, and constantly tends to be in equilibrium 
— ^i.e., the turgidity of the cells is approximately equal 
throughout the tissue, and likewise the wateriness of both 
cell-walls and cell-contents. 

128. In the simpler aquatic plants the water of the cells 
and their walls is continuous with that in which they grow. 
Likewise the water in the tissues of roots or other absorb- 
ing organs of the higher aquatic plants is continuous with 
that which surrounds them ; and even in ordinary terres- 
trial plants there is a perfect continuity of the water in the 
root-tissues with the moisture of the soil. 

129. The Equilibrium of the Water in the Plant.— The 
water in the tissues of every plant tends constantly to be- 
come in equilibrium, and this state would soon be reached 
were it not for certain disturbing causes which are almost 
as constantly in action. In any cell an equilibrium may 
soon be reached between the two forces which reside re- 
spectively in the cell-wall and the protoplasm, viz., (1) the 
attraction of the surfaces of the molecules for the water, 
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and (2) the " imbibition -power" of protoplasm. So, too, an 
equilibrium between cell and cell may soon be reached. 
This equilibrium once attained, all motion of the water 
must cease, and it must remain at rest until disturbed by 
some other force or forces. This condition, or one ap- 
proximating very closely to it, is reached by many of the 
perennial plants during the winter or period of rest. 

130. Disturbance of Equilibrium. — ^During the growing 
stages of plants the equilibrium of the water is constantly 
disturbed in one or more ways, viz., (1) by the chemical 
processes within the cells ; (2) by the '" imbibition-power '* 
of the protoplasm and walls of newly formed cells ; (3) by 
the evaporation of a portion of the water. 

131. The chemical processes within the cell include : 

(1) the actual use of water by breaking it up into hydro- 
gen and oxygen ; every molecule which is so broken up 
leaves a vacancy which, sooner or later, must be replaced; 

(2) the formation of substances which are more soluble 
than those from which they were formed ; (3) the forma- 
tion of substances which are less soluble than those from 
which they were formed. These processes take place in 
all cells, even those of the simplest plants. ' 

132. In plants composed of tissues, wherever new cells 
are forming and developing, the new protoplasm and cell- 
walls require considerable quantities of water to satisfy 
their molecular attraction; this supply is always made in 
part or entirely at the expense of the adjacent cells. In 
many aquatic plants there can be little doubt that the needed 
water in growing tissues is obtained partly by direct ab- 
sorption from the surrounding water, but this can only be 
the case with the external cells; the deep-lying ones must 
obtain their supply from the cells which surround them. 
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In aerial parts of plants the newly formed cells obtain all 
their water from the adjacent cells. 

133. Evaporation of Water. — In the aerial parts of plants 
the evaporation of water from their surfaces is a far more 
powerful disturbing cause than either of the two preceding. 
Whenever a cell is exposed to dry air at ordinary tempera- 
tures a portion of its water passes off by evaporation; this 
immediately disturbs the equilibrium of water throughout 
theiiissue, and the more rapid or the longer continued the 
evaporation the greater the disturbance. 

134. Evaporation from living cells or tissues is depen- 
dent upon a number of conditions, some of which are en- 
tirely exterior, while "others are connected with the struc- 
ture of the plant itself. Among the former, the most 
important is the condition of the air as to the amount of 
moisture which it contains. In air saturated with moisture 
no evaporation can take place; but whenever the amount 
of moisture falls below the point of saturation, if the other 
conditions are favorable, evaporation takes place. 

135. The temperature of the air (and^ as a consequence, 
that of the plant also) has some effect upon the rapidity of 
evaporation. It appears that there is an increase in the 
amount of water given off as the temperature rises; this 
may be due, however, to the fact that with such increase 
of the temperature of the air there is generally a considera- 
ble decrease in its moisture. The direct influence of light 
upon evaporation is also somewhat doubtful. While there 
can be no doubt that plants generally lose more water in 
the light than in darkness, it appears to be due to the in- 
creased heat and dryness which are common accompani- 
ments of the increase of light. 

136. In enumerating the internal conditions, one general 
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condition must not be forgotten, viz., that the water in 
plant-cells contains many substances in solution, and con- 
sjnequently evaporates less rapidly than pure water, in ac- 
cordance with well-known physical laws. Moreover, the 
attraction of the substance of the cell-walls for the water 
counteracts, to a considerable extent, the tendency to evapo- 
ration; and in the same manner, even to a greater extent, 
the water is prevented from passing off by the " imbibition- 
power" of protoplasm. It is, in fact, impossible to deprive 
cellulose and protoplasm of all their water in dry air at 
ordinary temperatures. 

137. In all the aerial parts of higher plants the epidermis 
offers more or less resistance to the escape of the water of 
the underlying tissues. This is mainly accomplished by 
the thick outer wall of the epidermal layer; in many cases, 
especially in plants growing naturally in very dry regions, 
the epidermis consists of several layers of cells, which offer 
still more resistance to evaporation by being themselves 
filled with moist air only. 

138. Among the lower plants, the single reproductive 
cells (spores) are guarded against the loss of water by hav- 
ing their walls greatly thickened. Even in the lowest 
plants, the Slime Moulds, the naked masses of protoplasm, 
when placed in dry air, will contract into rounded masses, 
which then become covered with a somewhat impervious 
envelope. 

139. The breathing-pores of the green and succulent 
parts of higher plants control to a great extent the amount 
and rapidity of their exhalation. Breathing-pores are 
placed over intercellular spaces," which are in communica- 
tion with the intercellular passages of the plant. These 
spaces and passages are filled with moist air and gases, 
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which, when the breathing -pores are open, expand and 
contract with every change of temperature or atmospheric 
pressure, and ]^s permit the escape of considerable 
amounts of water; when, on the other hand, the breathing- 
pores are closed, little or no escape of moisture is possible. 

140. The opening and closing of the breathing-pores 
appear to depend upon the amount of light; they open 
more widely the greater the amount of light, and close 
almost completely in darkness. The amount of moisture 
on the surface of the epidermis appears also to affect some- 
what the opening and closing of the breathing-pores; when 
the epidermis is very dry they are generally closed, and 
vice versa. 

141. The Amount of Evaporation. — ^The conditions con- 
trolling evaporation are thus seen to be many and various. 
They never, or but very rarely, act singly, two or more of 
them usually acting together with varying intensity, so 
that the problem of the amount of evaporation taking place 
at any particular time is a complex and difficult one. All 
the observations yet made, and which have necessarily 
been upon a very small scale, indicate that the rate of evap- 
oration is actually very slow. 

142. A given area of leaf -surf ace will evaporate much 
less water than an equal area of water-surface. The amount 
of the former has been estimated at from one seventeenth to 
one third of the latter, varying of course in different plants. 
A grape-leaf has been found to evaporate in twelve hours 
of daylight an amount of water equal to a film covering 
the leaf only .13 mm. (.005 in.) deep; a cabbage-leaf for 
the same time .31 mm. (.012 in.); an apple-leaf .25 mm. 
(.01 in.). An oak-tree was found to have evaporated in 
one season, during the time it was covered with foliage, an 
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amount of water equal to a layer 33 mm. (about 1^ in.) 
deep over all its leaf -surface. When we remember that 
the usual evaporation from a water-surf^pe for the same 
period is from 500 to 600 or more millimetres (20 to 26 in.) 
we must conclude that leaves, instead of being organs for 
increasing evaporation, are able to successfully resist evapo- 
ration. 

143. The Movement of Water in the Plant. — It is clear, 
from what has been said, that in many-celled plants there 
must be a considerable movement of water in some parts, 
to supply the loss by evaporation. Thus in trees there 
must be a movement of water through the roots, stems, 
and branches to the leaves, to replace the loss in the latter. 
This is so evident that it scarcely needs demonstration; it 
can, however, be shown by cutting off ft leafy shoot at a 
time when evaporation is rapid; in a short time the leaves 
wither and become dried up, unless the cut portion of the 
shoot be placed in a vessel of water; in the latter case the 
water will pass rapidly into the shoot, and the leaves will 
retain their normal condition. If in such an experiment 
a colored watery solution (as of the juice of Poke-berries) 
be used instead of pure water, it will be seen that the liquid 
has passed more abundantly through certain tracts than 
through others, indicating that the tissues are not equally 
good as conductors of watery solutions. 

144. As would readily be surmised, the tissues in ordi- 
nary plants which appear to be the best conductors are 
those composed of elongated wood-cells, and it is doubt- 
less through them that the greater part of the water passes. 
Furthermore, it is probable that the movement of the water 
is through the substance of the cell-walls, and not, at least 
to any great extent, through the cell-cavities. According 
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to this view, the force which raises the water, in some cases 
to the height of a hundred metres or more, is the attraction 
of the surfaces of the cellulose molecules for the layers of 
water which surround them. 

145. The rapidity of the upward movement of water 
varies greatly in different plants and under different con- 
ditions. In a silver-poplar a rate of 23 cm. (9 in.) an hour 
has heen observed; in a cherry-laurel 101 cm. (40 in.); and 
in a sunflower 22 metres (72 feet). 

ADDmoNAL Notes on the moyement of water In the plant. 

I. Boot- Pressure, — If the root of a vigorously growing plant be cut 
off near the surface of the ground and a glass tube attached to its 
upper end, the water of the root will be forced out, often to a con- 
siderable height. Hales more than a hundred and fifty years ago 
observed a pressure upon a mercurial gauge equal to 11 metn^s 
(36.5 ft.) of water when attaclied to the root of a vine (Yitis). Clark 
(1873), in a similar manner, found the pressure from a root of a birch 
(Betula lutea) to be equal to 25.8 metres (84.7 ft.) of water. This root- 
pressure appears to be greatest when the evaporation from the leaves 
is least; in fact, if the experiment is made while evaporation is very 
active, there is always for a while a considerable absorption of water 
by the cut end of the root, due probably to the fact that the cell-walls 
had been to a cerUiin extent robl>ed of their water by the evaporation 
from above. Root- pressure is probably a purely physical phenom- 
enon, due to a kind of endosmotic action taking place in the root- 
cells. 

IL T/ie Flow of Water (sap) from the stems and branches of certain 
trees, notably from the sugar-maple, appears to be due to the quick 
alternate expansion and contraction of the air and other gases in the 
tissues from the quick changes of temperature. The water is forced 
out of openings in the stem when the temperature suddenly rises; 
when the temperature suddenly falls, as at night, there is a suction 
of water or air into the stem. When the temperature is nearly uni- 
form, whether in winter or summer, there is no flow of sap. 

III. No Circulation of Sap. — While there is an upward movement 
of the water in plants because of the evaporation from the leaves, 
there is no downward movement as has been x)opular1y supposed. 
The "circulation of the sap," in the sense that there is an upward 
stream in one portion of the plant and a corresponding downward 
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stream in another, does not exist. Likewise, the belief still main- 
tained by some people that in tlie autumn or early winter ** the sap 
goes down into the roots," and that 'it rises" in the spring, is en- 
tirely erroneous. There is actually more water (sap) in an ordinary 
deciduous tree in the winter than there is in the spring or summer 
(excluding of course the new and very watery growths). 

Practical Studies. — A few physiological experiments may be easily 
made by the student. The following will serve as a beginning: 

(a) Collect a quantity of green grass in the middle of tlie day when 
it is not wet; weigh it accurately, then thoroughly dry it in an oven, 
being careful not to scorch it. Weigh again: the difference in the 
two weighings will be approximately the amount of water in the 
living plant, although some water will still be left in the plant by 
ordinary drying. 

(6) Weigh a handful of beans; put them into warm water or moist 
earth for a day or two until they are beginning to sprout. Then 
gather them up carefully, wipe off all external dirt and moisture, and 
weigh again. Here the difference will be approximately the amount 
of water absorbed by the protoplasm. 

(c) Place some specimens of Green Slime or Pond Scum on a dry 
glass slip, using no cover-glass. Note with the microscope the rapid 
evaporation of water as shown by the collapsing of the cells. 

{d) Gather fresh leaves of clover; suspend some of them under a 
bell-jar or inverted tumbler which stands in a plate containing a little 
water. Put the other leaves into a dry plate with no protection from 
the dry air. Note that the evaporation is very much more rapid in 
the dry air than in the moist air under the bell-jar. 

(e) Strip off the epidermis from a leaf (hyaciulli, live-for-ever, etc., 
are good) and note that the evaporation is mucli greater (as shown 
by the more rapid wilting) than from the uninjured leaf. This shows 
that the epidermis and its breatliing-pores retard evaporation. 

(/) Lilac-leaves have breatliing-pores upon their lower surfaces 
alone. Provide two leaves: cover the lower surface of one with a 
thin coat of varnish, which will prevent evaporation through the 
breathing- pores; suspend both in a current of dry air, and note that 
the one not varnislicd withers sooner tiian the otlier. 

ig) Cottonwood- leaves have breath ing-porcs upon both surfaces. 
Repeat experiment above (/). 

(7«) Procure a well grown geranium (20 to 25 cm. high) in a flower- 
pot. Cover the pot with a piece of tliin sheet-rubber, tying it care- 
fully around the stem of the plant. Insert a short tube (provided 
with a cork) at the proper place, through which to introduce water. 
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Weigh the whole at intervals of a few hours. The loss will oe the 
amount of evaporation (approximately). By adding weighed quan- 
tities of water at intervals the experiment may be continued indefi- 
nitely. 

(i) Cut off a rapidly growing leafy shoot of the apple or geranium 
and phice the lower end in a bottle of water. Close the bottle by 
pressing soft wax into tiie mouth of the buttle around the stem. On 
account of the upward movement of the water through the shoot its 
level in the bottle will be perceptibly lowered. This will be more 
evident the smaller the diameter of the bottle. 

(j) Cut off the stem of a rapidly growing sunflower a couple of 
Indies above the ground ; slip over it the end of a tightly fitting 
india-rubber tulie 8 to 10 cm. long. Slip into the other end a small 
glass tube 5 to 10 mm. in diameter, being sure to make the joints 
water-tight. The ** root- pressure" will cause the water to rise into the 
vertical tube. Note the effect of a change of temperature of the soil. 

(k) Cut off a small branch of a maple tree on a cold winter day; 
bring it into a warm room. As soon as the temperature of the branch 
rises, the sap (water) will begin to flow from the cut surface. Lower 
the temperature and the flow will cease; raise it again and the flow 
will be resumed. 

146. Plant-Food. — ITie most important elements which 
are used in the nutrition of plants, or which, in other 
words, enter into their food, are Carbon, Hydrogen, Oxy- 
gen, Nitrogen, Sulphur, Iron, and Potassium. These all 
appear to be necessary to the life and growth of the plant, 
and if any of them are wanting in the water, soil, or air 
from which the plant derives its nourishment, death from 
starvation will soon follow. 

147. There are other elements which are made use of by 
plants, but, as life may be prolonged without them, they 
are regarded as of secondary importance. In this list are 
Phosphorus, Calcium, Sodium, Magnesium, Chlorine, and 
Silicon. 

148. The Compounds Used. — ^With the single exception 
of oxygen, the elementary constituents named above do not 
enter into the food of plants in an uncombined state; on 
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the contrary, they are always absorbed in the condition of 
compounds, as water, carbon dioxide, and the 



Nitrates 1 
Sulphates I 
Carbonates 1 . 
Phospbates ^ "^ 
Silicates, or 
Chlorides 



r Ammonia. 
Potash. 
Lime. 
Iron. 
Soda, or 
Magnesia. 



Of the last the nitrates of potash and ammonia, sulphate 
of lime, carbonates of ammonia and lime, are probably to 
be considered as the most important for ordinary plants. 
Water is necessary for all plants, and carbon dioxide for 
those which are green. 

149. In addition to the foregoing many organic com- 
pounds are absorbed in particular cases, as in those plants 
which live in decaying animal or vegetable matter (sapro- 
phytes), as well as those which absorb the juices from liv- 
ing plants (parasites). 

150. How the Food is Obtained. — ^In the case of aquatic 
plants these compounds are taken into the plant-body by a 
process of diffusion from the surrounding water; in terres- 
trial plants the gaseous compounds, as carbon dioxide and 
carbonate of ammonia, are absorbed — at least in part — ^by 
the leaves directly from the surrounding air, while the 
solutions of these and the other compounds in the water in 
the soil find their way into the plant by diffusion. The 
water of streams and ponds and that found in moist soil 
generally contains, in addition to decayed vegetable matter, 
greater or less quantities of sulphate, carbonate, and phos- 
phate of lime, nitrates of potash and ammonia, besides small 
amounts of iron, silica, and chlorine. Plants flourish best 
-when these constitute (in the aggregate) one part in one 
thousand parts of water. 
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151. How the Food is Transported in the Plant. — Once 
within the plant-body, the food-materials diffuse to all 
watery parts, in the ease of the larger terrestrial plants 
rising through the stem to the leaves. By diffusion there 
is a constant tendency toward an equal distribution through- 
out the plant of the solutions which enter it; and if there 
were no disturbing chemical reactions taking place, such a 
condition would in most plants be soon reached. It is quite 
probable, indeed, that this actually happens for certain 
substances which are found in solution in the soil or water, 
and which, entering plants, diffuse through them to all 
parts, but not being used they soon reach a state of equal 
diffusion, which is only slightly disturbed by the extension 
of the plant-body by growth. The diffusion of food-mate- 
rials throughout terrestrial plants is aided by the evapora- 
tion of water from the leaves, thus causing a strong upward 
movement of the water which contains the various solutions 
of food-matter; but it is not dependent upon evaporation, 
for diffusion takes place under conditions which preclude 
evaporation. 

152. Starch-making, or Assimilation. — ^Most of the food- 
materials of plants can be directly used by the protoplasm. 
Thus the oxygen and water, and the nitrates, sulphates, 
etc., mentioned above may be at once made use of by the 
protoplasm for its own nourishment. It is not so, however, 
with the carbon dioxide. It cannot be used directly as 
food, but must iirst undergo a special preparation. It must 
be broken up and recombined along with the elements de- 
rived from water so as to form a new compound which the 
protoplasm can digest. This new compound is starch, or 
something much like it, and so we may call this prepara- 
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tory process the Starch-making process, or, as it is known 
in botanical books, Assimilation. 

153. We cannot yet give an exact account of the suc- 
cessive steps in the manufacture of starch. The principal 
facts, however, are as follows: Carbon dioxide contains 
Carbon (C) and Oxygen (O) in the proportion of one atom 
of the former to two of the latter — (CO,). Water contains 
Hydrogen (H), two atoms, and Oxygen (O), one atom — 
(H,0). Both water and carbon dioxide are decomposed in 
the chlorophyll-granules of leaves and other green parts of 
plants. After decomposition there is such a recombination 
as to produce Starch (Cj^Hj^jO, J. 

154. The carbon dioxide is probably decomposed into 
carbon oxide (CO) and free oxygen (O) : thus 00^=00 + O. 
At the same time water is decomposed into hydrogen and 
oxygen : thus 11,0 = 2H -f O. The free oxygen-atoms 
are exhaled from the plant, and by the union of carbon 
oxide and hydrogen the starch is formed : this appears a^ 
minute granules imbedded in the chlorophyll- bodies. 

165. These chemical changes may be shown as follows: 



_ 12C0 1 starch 

'« - ^ 120 ) 



12C0, = ] 

J JgQ [ = 240 set free. V = CuH.oO.o -f 2HaO. 

12H,0= J24H J 



Here twelve molecules of carbon dioxide and twelve mole- 
cules of water produce one molecule of starch and two 
molecules of water (water of organization), while twenty- 
four atoms of oxygen are set free and permitted to escape 
from the cells into the surrounding air or water. 

In some plants no starch is formed in the chlorophyll, 
but oily or sugary matters which have nearly the same 
chemical significance. 
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156. This decomposition and subsequent combination 
take place only in the granules or masses of chlorophyll, 
and only in sunlight. Those parts of ordinary plants which 
are destitute of chlorophyll are entirely wanting in the 
power of starch-making (assimilation), and likewise the 
chlorophyll-bearing portions are unable to assimilate in 
darkness. 

157. Digestion and Use of Starch. — In darkness the starch 
which had previously formed in the chlorophyll-bodies un- 
dergoes changes which render it soluble, allowing it to 
diffuse to other parts of the plant with great freedom. The 
nature of these changes appears to vary somewhat in dif- 
ferent plants, but they consist essentially in the change of 
the insoluble starch into a chemically similar but soluble 
substance. Glucose (C,^H,^OjJ, inulin (C,,H,^0,J, and 
cane-sugar (C^H^^Oj,) are the more common of the soluble 
substances so formed, and one or other of these may fre- 
quently be detected in the adjacent cells after the disap- 
pearance of the starch from the chlorophyll. 

158. These diffusing assimilated matters are imbibed by 
the protoplasm of the living tissues, and constitute its most 
important food. In connection with the nitrates and sul- 
phates, etc., also imbibed, it furnishes the materials for the 
increase of protoplasmic substance in growing cells. 

159. The Storing of Beserve Material. — In many plants 
the surplus starch is stored up in one or more organs as re- 
serve material; thus in the potato the starch formed in the 
leaves in sunlight is, in darkness, transformed into glucose, 
or a substance very nearly like it, and in this soluble form 
it is diffused throughout the plant, and in the underground 
stems (tubers) is again transformed into starch. So in the 
case of many seeds a mass of reserve material is stored up. 
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generally in the form of starch (e.g., the cerea. grains), 
and sometimes in the form of oily matters (e.g., the seeds 
of mustard, flax, castor-bean, squash, etc.). 

160. The Use of Beserve Material. — ^In the use of reserve 
material, as in the germination of starchy seeds, the starch 
appears to undergo a change exactly like that in its disap- 
pearance from chlorophyll. Here it is certain that oxygen 
is absorbed, and that carbon dioxide is evolved, while the 
starch is transformed into glucose. Similar transforma- 
tions doubtless take place in the use of the starch stored 
up in buds, twigs, stems, bulbs, etc. 

161. In the germination of oily seeds, after the absorp- 
tion of oxygen, starch is (in many cases, at least) first pro- 
duced, and from this the soluble sugar is formed. In any 
case, after the solution is attained the subsequent changes 
are similar to those which follow the transformation of the 
starch of the chlorophyll. 

162. The Nutrition of Parasites and Saprophytes is simi- 
lar to that of embryos, buds, bulbs, etc. Here assimilated 
materials are drawn from some other organism, and subse- 
quently undergo digestive changes. In some cases the 
parasitism is only partial, as in the mistletoe, where a part 
of the assimilated matter is formed in the parasite (which, 
therefore, contains chlorophyll), while a portion seems to 
be taken, along with the mineral salts, from the host-plant. 
So, too, there are plants which are partially saprophytic 
in habit, deriving a part of their nourishment as sapro- 
phytes, while the remainder is elaborated by their chloro- 
phyll. 

163. Many cultivated plants, as we grow them, are par- 
tially saprophytic, deriving a portion of their nourishment 
from decaying organic matter in the foil. The so-called 
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camivoroos plants, as the sundews (Drosera), fly-trap 
(DionaBa), pitcher-plants (Sarraeenia), etc., are in reality 
partially saprophytic, obtaining a considerable part of their 
food-materials from decaying animal matter. 

164. For convenience the various processes which take 
place in the digestion of starch, the storing of reserve ma- 
terial, the use of other food-matters, etc., have all been in- 
cluded under one general term — Metastasis, or Metabolism. 
It has been made to include all chemical changes in the 
plant excepting assimilation (starch-making). Assimilation 
and metastasis thus include all chemical changes taking 
place in green plants. In all plants there is metastasis, 
while assimilation is present in those only which contain 
chlorophyll. 

165. Alkaloids and Acids. — Among the most obscure of 
the metastatic changes are those which give rise to the 
alkaloids. These are compounds of carbon, hydrogen, ni- 
trogen, and generally oxygen, as follows: 

Nicotine (C10H14N3), found in tobacco. 
Cinchouia (C3oH34NaO), found in Peruvian bark. 

Morphia (CnHisNOs -f- HaO), found in the opium-poppy. 
Strychnia (CaiHaaNaOa)* found in the seeds of 8trychnos. 

Caffeine (Cr HioNtOa-h HaO)> found in coffee and tea. 

166. These and many others occur in plants in combina- 
tion with organic acids, such as malic acid (C^H^O J ; tartaric 
acid (C,H.OJ; citric acid (C,H,0,); oxalic acid (C,H,0,); 
tannic acid (C„H„Oj,); qninic acid (C,Hj,OJ; meconic 
acid (C,H^O,). These acids are probably formed by the 
oxidation of some of the sugary or starchy substances in 
the plant, while the alkaloids with which they are combined 
appear to have some relation to the nitrogenous constitu- 
ents of the protoplasm. 
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167. From the fact that the alkaloids arc formed more 
abundantly in those tissues which have passed the period 
of their greatest activity, it may be surmised that they are 
either compounds of a lower grade than the ordinary albu- 
minoids, or the first results of the incipient decay of the 
cells. 

168. BeBults of Assimilation and Metastasis. — ^In the pre- 
ceding paragraphs we have found that chlorophyll-bearing 
plants absorb carbon dioxide and exhale free oxygen, the 
former being decomposed in the chlorophyll-granules in 
sunlight, and the oxygen being set free as a consequence. 
In other words, the absorption of carbon dioxide and the 
exhalation of oxygen are connected with the process of 
assimilation. 

169. Now, it may be shown that oxygen is absorbed and 
carbon dioxide evolved, as results of certain metastatic 
processes which take place in any tissues, whether possess- 
ing chlorophyll or not, and independently of the presence 
or absence of sunlight. In the sunlight the absorption of 
carbon dioxide to supply assimilation is so greatly in excess 
of its exhalation, as a result of metastatic action, that the 
latter is unnoticed. In darkness, however, when assimila- 
tion is stopped, the exhalation of carbon dioxide becomes 
quite evident. 

170. So, too, with oxygen: in the sunlight the excess of 
its evolution from assimilation is so great over its absorp- 
tion for metastasis that the latter was long unknown; but 
in the absence of light its absorption becomes manifest. 
Parasites and saprophytes, as well as those parts of ordi- 
nary plants which are wanting in chlorophyll, as flowers 
and many fruits, deport themselves in this regard exactly 
as chlorophyll-bearing organs do in darkness. 
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I StwUet. — (a) Put a Orj applu-iwig intoasliort piece of 
gaS'pipe, cloaiDg tliecnils. not very tightly, with clay; 
put it into a flre auU huut lo rudiicss. Tlie narlmD 
iert will be of Urn form, and about Iiulf thu weight, 
of the dry twig. 

(A) Gcrmiiiiilc scvtral lierDelH of lodinn corn Id 
moist siLDd, aud wlicu the roots are two lo four cen- 
timelres long tiaDsfer iliu plunts to widc-mnutlied 
hoitleH or jars, supporting llii-m aa in Fig. 41. Fill 
one of the jars willi puro((lisli1lixt) water; tillaaecniid 
witli well-water (which always coiitaius maoy, if not 
all, of tliematcrliilaof pliiiri-rond); All a third willi water 
from a strenm or pond (whicli also always con taina all, 
or nearly all, tlie miiteriala of plunt-food). Notice that 
the plants will grow in all the jnrs, as all arc supplied 
with carlion dioxi<tc and water, llie most important 
platit-food; but the best and I oiigest-coo tinned growth 
takes place in llio second and third Jara. tio. <1.— 

Ifi) In case thu materiiils can be obtiiined, fill a fourth ^""f "^S^ 
jar (as in the previous experiraeiii) with a solution of *"" """ — 
Ibe folldwiiig constitution: 

Distilled water 1000 parts 

Pbiisphoric acid 0. 13 " 

Limn 0.16 " 

PolHsh 0.14 " 

Magnesia 03 " 

Sulpburic ncid 0.08 " 

Nitricacid 0.46 " 

Chlorine O.OOl " 

Sulphate of iron O.OOI " 

With this soluiioD perfect plitnts may be grown, if care be taken 
to renew the solution from lime to time. 

(d) Secure a quantity of Pond Scum (Spirogyra) in a dish of walev; 
expose it to the sunliglii for some hours, and ilicn examine it for 
Btarcb with the aid of tbe microscope, making use of tbe Iodine test. 
Wlien Htarcii has cerliiinly been found, put the dish in a dark (but 
Qot cool) chamber, and after some hours repeat the foregoing exaroi- 
niuion. No starch will now be found. 

(e) Select two tbrifiy potato-plants of about equal size and about 
the period of flowering, when the tulwrs are beginning to grow; 
twver 9Qe wilb a UgUt box or barrel, so as to shut oft all the light 
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and prevent starch-makiog. At the expiration of a fortnight ex- 
amine and compare the tubers of the two plants. 

(/) Qerminate u handful of Indian corn in moist clean sand, and, 
as the plants grow, taste the kernels from time to time. The sweet 
taste shows that the starch has changed into sugar for the nourish- 
ment of tlie growing plants. 

ijg) Cut off a stem of geranium and apply the moist surface to a 
bit of blue litmus-paper. The latter will turn red on account of the 
presence of an acid in the water of the cells. 

171. Temperature. — ^It may readily be seen that plants 
are active only between certain temperatures. There is 
for every plant a certain highest temperature (maximum) 
beyond which there is no activity. Likewise there is also 
a lowest temperature (minimum) below which activity 
ceases. Between these there is a best temperature (opti- 
mum) at which the plant is most active. We have thus 
three temperatures which should be studied for each plant, 
viz., lowest, best, highest, or, as they are conunonly referred 
to in botanical works, the minimum, optimum, and maxi- 
mum. 

172. The lowest temperature for plants ranges from near 
the freezing point of water to 10 or 15 degrees Cent, above 
it (32° to 50° or 60° Fahr.). It is not the same for differ- 
ent plants, some being active at much lower temperatures 
than others. Moreover, in each plant, the lowest tempera- 
ture varies for the different parts; thus roots are active at 
much lower temperatures than leaves. As a rule, also, 
metastasis can take place at lower temperatures than as- 
similation. 

173. The highest temperature for plant-activity ranges 
from about 36° to 50° Cent. (95° to 122° Fahr.), varying 
somewhat for different plants, and varying also for differ- 
ent parts or different functions of the same plant. 

174. The best temperature varies still more than the 
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lowest or the highest. There are plants whose whole lives 
are passed in temperatures but little above the freezing 
point of water, the Red-snow plant being a good example. 
Many seaweeds flourish in waters which never rise above 
6° to 10'' Cent. (40° to 60° Fahr.), while others grow only 
where the temperature is 20° to 30° Cent, (about 70° to 85° 
Fahr.). 

1 75. For ordinary land-plants the best temperature varies 
for the different parts and functions somewhat as in case 
of the lowest and highest. The best temperature for roots 
is generally somewhat lower than that for the parts above 
the ground, and likewise for the production of fruit and 
seeds it is higher than that for the simple growth of leaves 
and stems. 

176. The minimum, optimum, and maximum tempera- 
tures for the germination of the seeds of some common 
plants have been determined to be about as follows: 



Indian Corn. 
Scarlet Bean. 
Pumpkin . . . 

Wheat 

Barley 



Minimum. 



5** 



C.(: 
0.(: 
C.(: 
C.(: 
C.(: 



48° 

4r 

41° 



F.) 
F.) 
F..) 
F.) 
F) 



Optimum. 



34° 
34° 
34° 
29° 
29° 



(C. 
(C. 

(C. 
(C. 



92° p.) 
93° F) 
92" F.) 

83° F.) 
83° F.) 



Maximum. 



46° 
46° 
46° 
43° 
87° 



C.(: 
C.(: 
C.(: 
C.(: 
C.(: 



115° 
115° 
115° 
108° 
99° 



F.) 
F.) 
F) 
F) 
F) 



177. When the temperature rises above a certain point 
the death of the plant takes place. Those plants, or parts 
of plants, which contain the least water are capable of 
enduring higher temperatures than those which are more 
watery. The immediate cause of death appears to be the 
coagulation of the albuminoids of the protoplasm. The 
protoplasm thus loses its power of imbibing water, and 
the cells consequently lose their turgidity. In watery 
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tissues chemical changes at once hegin, resulting in the 
rapid disintegration and decay of the substances in the 
cells. 

178. In many respects the results of too great a reduc- 
tion of temperature are similar to those produced by too 
great an elevation. There is observed the same coagula- 
tion of the albuminoids, resulting in the destruction of the 
power of the protoplasm to imbibe water, and, as a conse- 
quence, in the loss of the turgidity of the cells. More- 
over, as in the case of injury from high temperature, those 
cells which are the most watery are the ones which, other 
things being equal, are injured most quickly by a reduc- 
tion of temperature. 

1 79. Embryo plants in seeds, when dry, are able to endure 
almost any degree of low temperature; but after they have 
germinated, and the cells have become watery, they are 
generally killed by a reduction to, or a few degrees below, 
0° Cent. (32° Fahr.). So, too, the comparatively dry tissues 
of the winter buds and ripened stems of the native trees 
and shrubs in cold countries are rarely injured even in the 
severest winters, while the young leaves and shoots in the 
spring are often killed by slight frosts. 

180. Death from low temperature is always accompanied 
by the formation of ice-crystals in the succulent tissues; 
these are formed from the water of the plant, which is 
abstracted from it in the process of congelation. Much of 
the water thus frozen is that which fills the cavities (vacu- 
oles) of the cells, while some of it is that which moistens 
the protoplasm and cell-walls. 

181. As the liquid in the vacuoles is not pure water, but 
a mixture of several solutions, it freezes at a lower tem- 
perature than water, and then, according to a well-known 
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law of physics, separates into pare ice-crystals and a denser 
unfrozen solution. By a greater reduction of temperature 
more ice-crystals may be separated out, and the remaining 
solution made denser still. This increasing density tends 
to retard the formation of ice-crystals, and it is probable 
that it is only in extremely low temperatures, if at all, that 
the liquids in the plant are completely solidified. 

182. A plant which has been frozen may survive in many 
instances if thawed slowly, but if thawed quickly its vitality 
is generally destroyed. Thus many herbaceous plants will 
endure quite severe freezing if they are afterward covered 
so as to secure a slow rise of the temperature, and many 
bulbs, tubers, and roots \frill survive the severest winters if 
covered deeply enough to prevent sudden thawing. Like- 
wise turgid tissues, which are not living, as those of many 
succulent fruits, are injured or not by freezing, according 
as the thawing has been rapid or slow. 

183. Light. — ^All green plants are directly dependent 
upon light, for it is only in the light that they can manu- 
facture starch. Without light they would starve just as 
surely as would animals if deprived of their proper food. 

184. Light does not appear to be essential to plants in 
any other way than to enable them to make starch; so that 
those which get their starch from others can live in total 
darkness. Thus many saprophytes (i.e., plants which live 
upon dead or decaying vegetable matter) are found in dark 
cellars, caves, mines, etc., gronang to full size and maturing 
their fruit perfectly. So, too, some parasites (i.e., plants 
living upon and getting their food from living plants) grow 
in darkness, feeding upon the inner tissues of their hosts 
(supporting plants) where little or no light penetrates. 

185. The flowers apd fruits of ordinary plants develop 
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as well in darkness as in the light, behaving in this respect 
like parasites and saprophytes. 

PracUcal Studies.— (a) Plant a few seeds of radish, barley, wheat, 
and Indian corn in each of two flower-pots, and place one of the pots 
in a cool cellar and the other in a warm rof>ni. Note differences in 
growth in the plants in each pot, and also compare growth of similar 
plants in the two ]iots. 

(6) Observe the average daily temperature during the time that the 
hickory -trees are opening their buds in the spring. Compare this 
with the average temperatuiiip during the time of most vigorous de- 
velopment of the leaves and twigs, and also during the time of the 
development of the fruit. 

(c) With a thermometer measure the temperature of the water of 
ponds and ditches when the earliest vegetation appears in the spring. 
This consists for the most part of dij^toms which form a brownish 
scum on the water, <or a brown coat on sticks and stones. 

(d) Measure in like manner the temperature of cold springs in which 
vegetation is found. 

(e) When Indian corn is producing its flowers (tassels and silk), ob- 
serve the average temperature of the air and compare it with the 
temperature of the soil at the average depth of the roots. 

(/) Enclose a small plant of Coleus (a common "foliage-plant") 
and a clover-plant in a tin pail, covering them loosely. Enclose also 
a thermometer. Set the pail in a tub of ice-water, allowing it to 
remain for an hour or two. Note the effect upon each plant. Or 
make the experiment by first growing little plants of wheat and 
pumpkin or squash, and using these. The whert will survive; the 
pumpkin or squash will not. 

Now make an experiment substituting hot water, and using a 
spring plant (as hepatica or anemone) and a summer plant (as Indian 
corn). Rtiise the temperature to 40° Cent. (104 Falir.), and then in- 
crease the heat very slowly beyond this point. Notice effect upon 
each plant. 

(g) In the autumn notice that some plants are killed by frosts which 
leave others unharmed. 

(h) Thaw out two frozen apples, one in warm water rapidly, and 
the other in ice-water slowly. The first will be more injured, the 
second less. 

(0 Look for moulds and other fungi in dark cellars, as examples 
of saprophytic plants which have grown without the dir^t aid of 
light. 
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(j) Cover the eud (30 to 40 centimetres) of a cucumber-plant, bear- 
ing young flower-buds, with a tight box so as to exclude all light. 
Notice that the flowers develop perfectly as to size and color, although 
in total darkness, while the leaves are small and lacking in normal 
color. 

(k) Cover in like manner a portion of a cucumbcr-plant bearing 
very young fruit. Notice that the fruit develops in darkness as well 
(in size at least) as in the light. 

186. Hoyements of Plants. — ^Every living plant is capable 
of moving. In some eases the movement is so small that 
it is not visible to the naked eye, wbile in others it is very 
evident. It is popularly supposed that animals alone have 
the power of moyement, and that this power is one of the 
prominent distinctions Between plants and animals. In 
fact, however, no plant is wanting in the power of move- 
ment, and there are many plants which are much more 
active than certain animals. 

Only an outline of this interesting subject can be given 
in this place, and the student who wishes to pursue the 
subject further should consult Mr. Darwin's book, "The 
Power of Movement in Plants," published in 1881. 

187. Mr. Darwin has shown by a great number of obser- 
vations that as soon as a seed germinates every part of the 
embryo begins moving in various directions. Thus the 
little root at once begins a sort of revolving motion, its tip 
describing more or less curved figures. This revolving or 
bending in succession towards all points of a curved figure 
so as to describe an ellipse or circle is called circumnuta- 
tion, an inconveniently long word for what is, as we shall 
see, a very common thing in plants. 

188. By the circumnutation of a root it is enabled to 
find those places in the soil which offer the least resistance 
to its passage. Moreover, it has been shown that the tip 
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of the root is sensitive to pressure, and when it comes in 
contact with any object bends from it. In this way the 
root-tip guides the advancing root through the interstices 
of the soil, avoiding on every hand the pebbles and harder 
bits of earth. The root-tip appears, also, to be sensitive 
to moisture, bending towards that side which is most moist, 
and thus in a dry soil the roots are constantly guided into 
those parts where the moisture is most favorable. 

189. Not only is the root-tip endowed with this power of 
circumnutation, but, in the words of Mr. Darwin, ^^ All the 
parts or organs in every plant whilst they continue to grow 
are continually circumnutating. If we look, for instance, 
at a great acacia-tree, we may feel assured that every one 
of the innumerable growing shaots is constantly describing 
small ellipses; as is each petiole, sub-petiole, and leaflet. 
The flower-peduncles are likewise continually circumnu- 
tating; and if we could look beneath the ground and our 
eyes had the- power of a microscope, we should see the tip 
of each rootlet endeavoring to sweep small ellipses or cir- 
cles, as far as the pressure of the surrounding earth per- 
mitted. All this astonishing amount of movement has been 
going on year after year since the time when, as a seedling, 
the tree first emerged from the ground." 

190. This general power of movement is subject to modi- 
fication by various agencies. Thus we find that in most 
plants the change from daylight to the darkness of night 
is accompanied by changes of position in many parts, the 
nocturnal position being called the sleep of the plant. So, 
too, the influence of direct light produces a bending or 
turning of certain parts of plants toward the light, a kind 
of movement which has been called heliotropism. Gravi- 
tation has, also, been found to produce a special modifica- 
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tion of moyementy known as geotropism; and, lastly, we may 
regard the irritableness of certain plants, as, for example, 
the sensitive- plant, as a high specialization of the general 
power of nfovement possessed at some time or other by all 
plants and all parts of plants. 

191. In regard to the sleep of plants, observation has 
shown that at night the cotyledons (first leaves of the seed- 
ling) of many plants take a different position from that 
which they have daring the day. In the cabbage and 
radish, for example, the cotyledons stand during the day 
almost at right angles to the stem, but at night they rise 
and are parallel to one another. Seedlings of parsley, cel- 
ery, tomato, and four-o'clock behave in a similar manner. 
In some cases the cotyledons instead of rising, at night, 
bend abruptly downwards. This happens with seedlings 
of certain kinds of sorrel (Oxalis), although curiously in 
other species of the same genus the cotyledons rise. 

192. The leaves of many (if not all) plants assume a po- 
sition at night more or less different from that which they 
have during the day. In the common purslane the leaves 
at night bend upwards in such a manner as to lie more 
nearly parallel with the stem. In wood-sorrel (Oxalis) the 
leaflets bend abruptly downward and closely surround the 
common leaf -stalk. In clover, on the contrary, the leaflets 
bend upwards, afterwards folding over to one side. In 
beans the leaflets sink down somewhat after the manner of 
the wood-sorrel. In some cassias and the sensitive-plants 
the nocturnal position differs remarkably from that of the 
day; not only are the leaflets folded, but the leaf -stalks 
change their position, in some cases rising and in others 
becoming sharply depressed. Even some conifers have 
been observed to show a well-marked sleeping state at night* 
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193. The relatives of the beans (i.e., the legaminous 
plants, or Leguminosse) have been most frequently observed 
in a sleeping state; bat it is very likely that when we study 
them attentively very few of the higher plants will be 
found which are wanting in this power. 

194. The familiar closing of certain flowers at night and 
opening again in the morning, and the exactly reversed 
action, are to be regarded as of the same nature as the 
diurnal and nocturnal position of leaves. 

195. The turning of leaves and stems toward the light, 
as is commonly seen in a plant grown in a window, is re- 
garded by Mr. Darwin as a modified circumnutation. Here 
the lateral light controls ordinary nutation, and modifies it 
so that, instead of describing ellipses, the leaf or stem moves 
in a zigzag course toward the light. The stronger the 
light the more nearly will the course approach to a straight 
line. Some plants or parts of plants when exposed in this 
way to the light bend away from it: this is well seen in the 
runners of the so-called strawberry-geranium (Saxifraga 
sarmentosa), a well-known pretty little basket-plant. This 
last kind of bending is known as negative heliotropism, 
while the bending toward the light is distinguished as posi- 
tive heliotropism. 

196. Allied to the foregoing is the bending of roots and 
stems toward or away from the earth, i.e., with or in oppo- 
sition to the force of gravitation. It is a familiar fact that 
in the growth of most seedlings the roots grow downward 
while the stems take an upward direction. Experiments 
made long ago proved that this was due in some ^ay to 
the action of gravitation, and Mr. Darwin now considers it 
to be the result of gravitation acting upon and modifying 
the circumnutation of root and stem. Geotropism (as this 
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is called) and heliotropism have then this in common, that 
both have as their basis that continual movement of the 
plant which appears to be the constant accompaniment of 
life; in the one case this movement receives special direc- 
tion and impulse from the light, while in the other the im- 
pulse is given by the force of gravitation. 

197. We may now also connect the movements due to 
ordinary mechanical stimuli with the foregoing. In the 
well-known sensitive-plant a slight touch or jar is sufficient 
to cause the leaves to close with considerable rapidity. 
This was for a long time referred to an obscure irritability, 
which was regarded as something peculiar to a few plants. 
If, however, we bear in mind that motion appears to be the 
normal state of growing parts, or parts whose tissues re- 
main thin-walled, we see that this 'irritability" is not a 
peculiarity at all, but only an intensification of that which 
is possessed by plants in general. 

Practical Studies. — {a) Soak a few beans in water, and when the 
little roots begin to protrude pin the beans carefully to a weighted 
cork under a bell jnr, and observe the movements of the radicles. 

iP) Germinate and study in like manner the seeds of cabbage, rad- 
ish. Indian corn. 

(c) Fix a slender filament of glass to the rapidly growing end of a 
shoot of fuchsia, gerauium,or verbena (using a drop of thick shellac- 
glue), and observe the circum nutation. If a plate of glass be laid 
horizontally just above the tip of the glass pointer, the movements of 
the latter may be readily recorded by lines or dots on the glass. Or a 
microscope may be fixed in such a position that the tip of the pointer 
is in focus, when the movement will be made visible to the eye. 

((Q Fix a glass pointer to the tip of a leaf of a suitable plant (as a 
fuchsia, geranium, primrose, etc., grown in a pot), and record the 
nutations on a glaRS plate fixed vertically or horizontally in such a 
way as to be approximately at right angles to the pointer. 

(e) Germinate seeds of cabbage, radish, parsley, or tomato, and note 
carefully the position of the cotyledons during the day and night. 

(/) Observe the sleeping state of wood-sorrel (Oxalis), clover, and 
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punilane. Tbrti make careful notes of diurnal and nocturnal positions 
of the leaves of as many plants as possible. Where it is possible to 
do so, it is recommended that photographs be taken of the waking 
and sleeping stales of pkiots. Careful sketches, at least,. should be- 
madiL 

{g) Select a symmetrically grown fuchsia, place it in a window, 
and note the rapidity with which the leaves and stems turn toward 
the light. 

(A) Gkrminate various seeds in a window, and observe the helio- 
tropism of the seedlings. 

(0 Grow a strawberry-geranium (Saxifraga sarmeutosa) in a hang- 
ing basket or pot in a window, and observe that the dependent runners 
bend away from the light. 

0') Germinate' beans, and after the radicles have protruded n centi- 
me ti*e or two f'lsten the seeds in such a way (under a t>e]l-jar) that the 
radicles point directly upwards. Observe that the roots soon begin 
bending towards the earth. 

(A;) Grow a few sensitive-plants in pots for study of irritability. 
Seeds may be procured at any seed store for a few cents, and are 
easily grown in a warm room. 



CHAPTER -n. 

CLASSIFICATION AND DISTRIBUTION. 

198. We may now proceed to take a hasty survey of tbe 
vegetable kingdom, studying here and there a selected ex- 
ample which must serve to illustrate the structure of a con- 
siderable group. In such a study of plants it is better to 
begin with the simpler and more easily understood forms, 
and to pass from these to those which are structurally more 
complex and whose functions are correspondingly compli- 
cated. 

199. On account of the vast number of species of plants 
(probably exceeding 150,000) it is necessary for us to group 
them in such a way as to bring together those which resem- 
ble one another. In such grouping we take into considera- 
tion as many things as possible, and those plants which are 
alike or similar in the greatest number of particulars are 
considered to be more nearly related to each other than 
those with fewer points of resemblance. Moreover, it has 
been found that resemblances in structure are of far greater 
importance than resemblances in habits. Two plants, for 
example, may be parasitic in habit, and yet their structural 
differences may be so great as to warrant us in placing 
them in entirely different groups of the vegetable kingdom. 

200. If we bring together all the plants of the vegetable 
kingdom, we may recognize pretty easily six or seven large 
groups, all the members of which show more or less of re- 



98 BOTANY. 

semblance to each other. These are called Branches, or 
Divisions. Likewise, if we consider the plants in each 
Branch, we may make several groups, each of which will 
include those with still greater resemblances. These groups 
are called Closes. 

201. In like manner Classes are divisible into Orders; 
Orders into Families; Families into Oenera; Genera into 
Species. Each Species is composed of individual plants, all 
of which bear a close resemblance to each other. In some 
Species there is such a variation in the individuals compos- 
ing it that they are grouped into Varieties. 

202. Applying the foregoing, we have the following as 
the classification of the common Sunflower: 

Kingdom of Vegetables. 

Branch, Phanerogaroia. 

Class, Angiospermse. 

Order, Compositae. 

Genus, Helianthus. 

Species, annuus 

203. There are needed now and then various sub-groups; 
thus Classes are often separated into two or more Sub- 
Classes, and these again into Series and Cohorts; so Orders 
are sometimes separated into Sub-Orders, or they are more 
frequently divided into Tribes and these again into Sub- 
Tribes. So, too, a Genus may be divided into Sub-Genera. 
On the other hand, it is very common for Family to be 
omitted, as in the case of the Sunflower given above. 

204. The general relationship of the Branches of the 
Vegetable Kingdom is sometimes shown by constructing a 
tree or diagram, whose principal divisions represent the 
Branches. Such diagrams (as the one on the opposite 
page) are often quite helpful to the student. 
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VII. Phambrogamia. 
Flowering jfiasiU— Monocotyledons and Dicotyledons 



and 



Conifers. 



VI. Pteridopbyta. 
"EmLWOTU—HorsetatlHy Ferns, and Clvb-mosses 



V. Bryophyta. 
IK.WKwoTtM^Livci'worts and Mosses, 



IV. (-ARPOPHYTA. 

Spore-fruit plants -Bed Seaweeds and Hmr allies. 



II. Zygophyta. 
XTnisexnal plants. 



III. 05PBYTA. 

Egg-spore plants. 



I. Protophyta. 
Sexless and nw»tly tingle eeUed plants. 
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205. Plants are distributed widely over the surface of 
the earth. They are most abundant in the hotter climates^ 
and decrease in number toward the poles. Likewise, they 
are more abundant upon the lowlands than upon the tops 
of high mountains. The regularity and amount of rainfall 
has also a controlling influence upon land-vegetation, while 
for marine forms the direction and temperature of the 
ocean-currents largely determine their distribution. 

206. In general, we may say that light, temperature, and 
moisture are the chief controlling agents. Where these 
are favorable, there vegetation is abundant; where they are 
unfavorable, vegetation is scanty or wanting. The cold 
and poorly lighted polar. regions (VI and VI' of the map), 
the cold mountain -summits, the dry deserts of Africa and 
Australia (IX and IX'), and the dark depths of the oceans, 
are alike deficient in vegetation. 

207. In general, similar conditions have brought about 
similar vegetations. The North American Forest Region 
(I) of the Western Hemisphere has its counterpart in the 
Europeeo- Siberian Forest Region (I') of the east, in which 
approximately similar conditions prevail. So, too, the 
Prairie Region of North America (11) is to be compared 
with the Steppe Region of Asia (11'), the Pampas Region of 
South America (11"), and the South African Region (II'"). 
The Californian Region (IV) is in many respects similar 
to the Mediterranean Region (IV) and the Chili- Andean 
Region of South America (IV"). 

208. The accompanying map (Fig. 42) shows one of the 
ways of dividing the earth into botanical regions. Each 
region is capable of subdivision into districts. The plants 
of a region or district constitute a flora; thus we may 
speak of the Prairie Flora, or the flora of the iTpper Mie- 
gissippi district^ or the flor£V of Iowa, 
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209. Most plants are short-lived. By far the greater 
number perish in a year or two, as is the case with our 
annuals and biennials. Some shrubs and trees may live 
for a considerable number of years, but even the most en- 
during generally die in a few centuries. The plants of the 
world are thus constantly dying off, and are as constantly 
being renewed. Occasionally the dying off in a particular 
species was more rapid than the renewal, in which case the 
species eventually became extinct: many such cases are 
known to palsBontologists. On the other hand, it has fre- 
quently happened that new forms have appeared as the 
older ones have died off, so that the character of a particu- 
lar flora has thereby been gradually changed. 

210. By a study of the fossil plants of any period in the 
world's history we may learn that the flora of each region 
has undergone great changes. The flora of North America 
in the Tertiary period was very different from what it is 
now, while the Cretaceous flora was still more unlike that 
of the present. Plants that now are confined to the east- 
em continent were then common in many parts of this 
continent, and tropical or sub-tropical species flourished 
abundantly in Nebraska and Dakota. 

211. Moreover, we learn by such a study that many of 
the plants of the present were not yet in existence in cer- 
tain geological periods. As we go back in geological time 
the vegetation is less and less like that of to-day. . Thus, 
the higher flowering plants (Dicotyledons) were not in ex- 
istence earlier than the Cretaceous period, while the Lilies 
and their relatives date back to the Triassic. The great 
Carboniferous vegetation, from which our coal was derived, 
contained no plants with true flowers. There were no 
grasses or sedges, no lilies or orchids, no roses or violets, no 
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oaks or maples. There were cone-bearing trees and tree- 
ferns, as well as gigantic clab-mosses and horsetails; but 
even these were very different from any now living. 

212. The foregoing table (Fig. 43) will show the main 
facts as to the distribution of the principal branches of 
the vegetable kingdom in geological time. It must be 
remembered that the geological record is as yet only frag- 
mentary, and in all probability many of the lines will be 
carried down much further as our knowledge becomes more 
complete. 



CHAPTER Vn. 
BRANCH 1. PROTOPHYTA, 

THE SEXLESS PLANTS. 

213. The protophytes are the lowest and simplest plants, 
and they are often so minute as to require the highest pow- 
ers of the microscope for their study. For the most part 
the cells are poorly developed; the protoplasm is frequently 
destitute of granular contents; the nucleus is wanting in 
many cases; and not infrequently there is either no cell- 
wall or only a poorly developed one. 

214. The cells in all cases cohere little, if at all; and even 
when they are united into loose masses each cell retains 
nearly as much independence as in the single-celled forms. 

215. No sexual organs are known. The common mode 
of reproduction is by the fission of cells, although internal 
cell-division occurs also. 

216. Most protophytes live in water and get their food 
from the solutions it contains. Some are green or greenish, 
and so are able to use carbon dioxide, while others are des- 
titute of a green color and are parasites or saprophytes. 

217. Three classes of protophytes may be distinguished, 
as follows: 

1. Naked shapeless protoplasm— Slime-moulds (MyxomyceteB). 

2. Minute cells, not green — Bacteria and Yeast (Schisomycetes), 
8. Cells green, or greenish— Green Slimes {Oyanaphycem). 



Ci,A8S L Slmck-Moulds (Myxomi/eetea). 

218. The Slime-monldH are in many respects the most 

remarkable of all known plants. They bear so strong a 

resemblance to the lowest animals (Protozoa) that they 

have been, time and again, placed in the animal kingdom 
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by various naturalists. When we compare them with any 
other plants, they are found to differ from them so widely 
that very little relationship can be detected. 

219. A Slime-mould is a mass of naked, shapeless proto- 
plasm (Fig. 44) during all the growing part of its life. In 
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some species it is no larger than a pin-head, while in others 
it is as large as a man's hand. This mass of protoplasm is 
often yellow or. orange-red in color, and is never green. It 
possesses to an extraordinary degree the power of moving 
itself from place to place. Slime-moulds obtain their food 
by absorbing solutions of decaying matter, and are even 
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Fro. 45.— Early stages of a Slime-mould (Fnlig;o yarians). a, a spore ; 6. c, the 
same, bursting the cell- wall; d to I, various stages; m, young Slime-mould. 



said to engulf solid substances in the same manner as the 
Amoeba among animals. 

220. When they have become full-grown they lose a 
good deal of their moisture, and the protoplasm then sepa- 
rates itself into a great number of minute rounded balls, 
each of which forms a cell-wall around itself. These little 
balls (spores) are thus nothing but bits of protoplasm secure- 
ly covered. They may now be blown hither and thither 
without harm, and when at last they fall into a moist warm 
place they imbibe water, burst their coats, and are free 
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naked masses of protoplasm again, thus completing the 
round of life (Fig. 45), 

There are seven orders of Slime-moulds, v^hich are distinguished 
mainly by their structure in the spore-bearing stage. Many species 
occur in all parts of the United States, and may be readily fouud on 
decaying logs, stumps, etc., and ou the bark-covered ground in tan- 
yards. A flue large one — Fuligo varians — is especially common in 
the last-named situation. 

Class IL Bactebia and Ybast-Plants {Schizomycetes). 

221. The plants of this class are minute cells, each con- 
sisting of a mass of protoplasm surrounded by a thin wall. 
The cells cohere but little, and in some cases not at all. 
They contain no chlorophyll, and always live in solutions 
of nourishing matter. Two orders are generally recog- 
nized, the one containing the Bacteria, and the second the 
Teast-plants. 

222. Bacteria. — These are the smallest of living things. 
Their minute cells in some cases measure no more than 
.0006 nun. (t^tht inch) in diameter. They are in some 
species rounded in shape, in others elongated like little 
rods, or in others more or less curved (Fig. 46). They are 
frequently provided with one or two cilia (i.e., whip-like 
projections of protoplasm), by means of which they move 
about with great activity. 

223. Bacteria are found in great numbers in the watery 
parts of decaying organic matter, causing various kinds of 
fermentation. They reproduce by fission with such aston- 
ishing rapidity that in a short time they swarm in any ex- 
posed substance which is capable of furnishing them with 
food. Some of the species live in the watery juices of 
plants and animals, causing various diseases. 

224. Some bacteria can endure high temperatures, and 
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frequently appear in tightly cIoBed Tesaela whose conteDta 
have been boilfid. Some people have been led to explain 
their appearance under snch circumatanceB by "apontane- 
ous generation;" bat thus far the facts are capable of other 



220. On account of tbeir miDQtenesa, bacteria may be 
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Tm. 46.— FormB of Bacteria, a, SUcrooocoiu prodlKlogus; b. Bacterlam termo 

SssUnfr alage); e. Bacterium llneola; d. Bacilliis ulna: e. Bptrillum rueula; /, 
pirochcete pUcaUUa; g. Spirillum lolulaaa. lla«iimed SU t^Es. 

picked up by onrrents of air and borne long distances, and 
in this way they are doubtless often carried from place to 
place. When a pool of pntrid water dries up, the bacteria 
with which it swarmed are blown away with the dnst and 
dirt, dropping everywhere into pools, upon plants and ani- 
mals living and dead, and even entering our longs with 
the air we breathe. 
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Among tbc bacteria which are of especial interest to us are the fol- 
lowing: 

1. Tlie bacterium of small-pox (Micrococcus vnccioee), composed of 
minute globular cells, is now accepted as the cause of small-pox. 
That found in vaccine yirus is a cultivated state, while that in small- 
pox is its virulent state. 

2. The bacterium of diphtheria (Micrococcus diphtheriticus), simi- 
lar to but smaller than the preceding, is present in the body when suf- 
fering from diphtheria. 

3. The bacterium of ordinary putrefaction (Bacterium termo. Fig. 
46, h) is composed of oblong cells. It is the cause or accompaniment 
of all ordinary decay of animal and vegetable substances. 

4 The bacterium of anthrax or splenic fever (Bacillus anthracis) 
is composed of cylindrical cells, which are motionless. It occurs in 
the blood of animals suffering from the diseases named. 

5. The bacterium of consumption (Bacillus tuberculosis)/ of very 
slender cylindrical, motionless cells, has recently been shown to occur 
in the lungs and air-passages of consumptive patients. 

6. The bacterium of leprosy (Bacillus leprae), of cells similar to the 
preceding but larger, is found in the tissues of those afflicted with 
leprosy. 

PracticaX StvdtM.^a) Put a pinch of cut hay or any other similar 
vegetable substance into a glass of water; keep in a warm room for 
a couple of days, or until it becomes turbid (from the abundance of 
bacteria); examine a minute drop with the highest powers of the 
microscope for active bacteria. 

(5) Put a bit of fresh meat into water, and study the bacteria which 
will appear in it. Spiial forms likep, Fig. 46, may often be found 
in such a preparation. 

{c) Examine the juices of decaying fruits. 

226. Teast-Plants. — ^If a bit of yeast be placed npon a 
glass slip and carefully examined under bigh powers of the 
microscope, there will be seen a great many small roundish 
or oval cells, of a pale or whitish color. Tbey have a cell- 
wall, but generally the nucleus is wanting or indistinct. 
These little cells are Yeast-plants, and bear the name of 
Saccharomyces cerevisiae. 

227. They reproduce by a kind of fission, called budding. 
Each cell pushes out a little projection which grows larger 
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and larger, and finally a cell-wall forms between the two, 
which sooner or later separate from one another {a and by 
Fig. 47). Under certain circumstances new plants form 
internally, as in c and d^ Fig. 47. 

228. Yeast-plants are saprophytes, and live upon the 
starch of flour. They break up 
the starch, and in the process lib- 
erate considerable quantities of 
carbon dioxide, which appears 
as bubbles upon the surface of 
the yeast. Another result of 
the breaking up of the starch is .^®- ^T.-Yeast-piantB in various 

^ *^ stafirea of fcrowth. a and 6. At c 

the formation of alcohol; hence ^^^^^Z.x^^^J^^'^'^Jl 
the growth of yeast-plants in a gj^^ ^' ' *"*** ^ mugnmed 
starchy substance is always ac- 
companied by what is known as alcoholic fermentation. 
The housewife and baker use yeast-plants for the carbon- 
dioxide gas which they evolve, to give lightness to the 
bread, while the brewer and distiller use the same plants 
for the alcohol produced by their activity. 

Practiced 8tudies,^(a) Fill a strong bottle half full of active yeast, 
cork tightly, and keep for an hour or two in a warm room. Draw 
the cork and notice the violent escape of gas (carbon dioxide). 

(5) Place a small drop of the yeast upon a glass slide, add a little 
water, cover with a cover-glass, tapping it down gently. After a 
little examination under a high power of the microscope, add iodine, 
which will stain the starch-grains blue or purple, and the yeast-plants 
yellowish. Many of the latter will be found in process of budding, 
as in a and ^, Fig. 47. 

(e) Spread a half-teaspoonf ul of yeast on a fresh-cut slice of potato 
or carrot; cover with a tumbler or bell-jar to keep it moist; after a 
few days (4 to 8) examine for cells which are reproducing by internal 
cell-formation, as in <; and d. Fig. 47. 
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Class HE. Obeen Slimes (Cyanophycece). 

229. These are single cells, or chains of cells, usually of 
a blue-green or brownish-green color, and generally inhab- 
iting the water. They very commonly form slimy masses 
or films on the water, or the moist surfaces where tiiey 
grow. In their dtocay ^ey tfmit a putrid odor, and when 
abundant, as they sometimes are in city water-supplies, are 
quite troublesome and offensive. 

230. The lower Green Slimes are single-celled, as in 
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Fio. 48.— Cells of Glceocapsa In different stages of prrowth, showing division 
and the mode in which the daughter-cells are surrounded and enclosed by the 
gelatinous walls of the mother-cells. A, youngest; E, oldest stage. Magnified 

Ann timAft 

Fig. 49.—^, filament of Nostoc; B, end of filament of Oscillaria. Magnified 
800 times. 

Chroococcus, Glceocapsa (Fig. 48), and other genera. Each 
cell divides into two, and these soon divide again, and so 
on. In Glceocapsa the cell-wall is much swollen into a 

jelly-like mass. 

231. In the Nostocs and their near relatives (Oscillaria) 
there is a little coherence of the cells into chains or fila- 
ments. The cells form by fission, but after formation 
adhere somewhat to each other. The Nostocfe (Fig. 49, A) 
occur in water or on moist ground as jelly-like masses of 
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filaments. Some are amber-colored, some brownish, some 
bluish-green. The species of Oscillaria (Fig. 49, £) are 
mostly dark- green filaments collected into felt-like masses 
floating QB tlie surface of the water, or growing on wet 
earth or the wet sides csf watering-troughs, etc. A pecu- 
liarity of these plants is their poirw of oscillating from 
side to side, while at the same time they move forward. 
In this manner they are enabled to travel considerable dis- 
tances. 

232. In Bivularia the filaments are generally arranged 
radially in little rounded masses. One of these (Rivularia 
fluitans) is often very abundant in lakes and slow streams, 
the little floating greenish balls being a millimetre or less 
in diameter. Other species occur as green slimy masses, as 
large as pin-heads, on the stones and stems of water-plants 
in ponds and brooks. 



233. Belated to the foregoing, but probably not falling 
within this class, are the bright-green " Green Slimes" which 
have been known under the name of Protococcus, They 
are invariably one-celled plants, and the cells are much 
larger than in any of the preceding. They occur com- 
monly on damp walls and rocks and the sides of flower- 
pots in greenhouses and conservatories, and in wet weather 
on wooden walks and the roofs and sides of houses. 

234. One species of Protococcus (P. nivalis) is the noted 
Bed-snow Plant which in the high north latitudes often 
covers the snow, giving it a reddish color. It also occurs 
on the mountain-tops in lower latitudes. Although really 
a green plant, its color is reddish in one of its stages. 

235. In their modes of multiplication these species of 
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Protococcns resemble other protophytes. By fission the 
cells are divided into two or four new ones, and this ap- 
pears to be the more common mode of increase. They also 
produce new cells by internal cell-formation similar to that 
in the yeast-plant. 

PrOfCtieal Studies. — (a) Scrape off a. little of the greenish slimy mat- 
ter from a damp wall, mounting it in water: examine under a high 
power. Some small blue-green or smoky-green cells will be found 
belonging to the lower Green Slimes (ChroOcoccus, etc.); of these 
some will probably be found in process of fission. Larger bright- 
green cells filled with granular protoplasm will also be found : these 
are a species of Protococcns. 

{b) In midsummer look along the water-line of fresh-water lakes 
and ponds for soft, amber-colored, rounded masses from the size of a 
pea to that of a hickory -nut. By mounting a small slice of one of 
these, it will be seen under the microscope to be composed of myri- 
ads of filaments of Nostoc similar to A, Fig. 49. Occasionally a fila- 
ment may be seen with a larger cell (a heterocyst), as in the figure. 
Its function is not known. 

(c) Secure a handful of the dark-green filamentous growth which 
is common on the wet sides of watering troughs, and place it in a 
dish of water. If it is an Oscillaria it will rapidly disperse itself, an 
hour being long enough to show quite a change in position. Now 
mount a few filaments in water and examine under a high power. 
They will be seen to sway from side to side, and to move quite rap- 
idly across the field of the microscope. 

{d) In midsummer scrape off one of the small jelly-like masses of 
Rivularia, so common on the submerged stems of water-plants, mount 
in water, crushing or cutting the mass so as to show the individual 
filanients. Each filament tapers from the centre of the mass out- 
ward, and at its larger end there is generally a larger cell (a hetero- 
cyst). 



CHAPTER Vm. 
BRANCH 11. ZYGOPHYTA. 

THE UNISEXUAL PLANTS, 

236. This is an assemblage of quite diverse plants, rang- 
ing from minute unicellular species, on the one hand, to 
large seaweeds of considerable complexity, on the other. 

237. In this branch we find the first examples of un- 
doubted sexuality. The sexual organs all have this in 
common, that between the male and the female there is no 
appreciable difference as to form, size (with a few excep- 
tions), color, origin, etc. The result of the union of the 
two sexual cells is the production of a new cell, the resting 
spore or zygospore, possessing yery different characteristics 
from either. While the sexual cells have only ordinary 
walls, or none at all, the resting spores are covered with 
thick, firm walls. 

238. The resting spore is so called because under certain 
circumstances it remains quiescent, while retaining its vi- 
tality, often for long periods of time. Thus at the close 
of the growing season, as upon the advent of the summer 
drought, or of winter, the resting spores fall to the bottom 
of the pools (in the fresh- water forms), and in the dried or 
frozen mud remain uninjured until the return of favorable 
conditions, when they germinate and give rise to a new 
generation of plants. 
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239. Nearly all the plants of this group contain chloro- 
phyll, only one order being destitute of it. The green 
forms are all aquatic, and inhabit either fresh or salt water. 
Those which have no chlorophyll are mostly saprophytes, 
and live upon dead organic matter. They are doubtless to 
be regarded as modified forms of some of the types of the 
chlorophyll-bearing portion of the group. 

240. Two classes of Unisexual plants have been distin- 
guished, as follows: 

1. Sexual cells locomotive — Zoaaporem. 

2. Sexual cells fixed — Corijugaim, 

Class I. Zoospobejs. 

241. In this large class the protoplasm is quite in the 
habit of escaping from the plant and taking on a locomo- 
tive state, in which it is called a zoospore, a word which 
means an animal-like spore (from the Greek zobuy an ani- 
mal). Under the microscope a zoospore looks very much 
like a monad, and this resemblance is made still greater 
when we observe the cilia by which it darts rapidly through 
the water. All the plants of this class contain chlorophyll. 

242. Pandorina is the pretty name given to a fresh-water 
plant of this class. It consists of a globular colony of green 
cells, each cell provided with two cilia, which project out- 
ward from the ball, and by rapid vibration give it a rotary 
motion (Fig. 60). At a certain stage of its development 
some of the cells of the colony escape and swim about in 
the water; finally two come in contact with one another 
and unite, forming a resting spore (E^ F, 6r, H^ Fig. 60). 
After a period of rest, the resting spore bursts its wall, the 
protoplasm escapes, swims about for a time by means of 
two cilia with which it is provided; at last it comes to rest 
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and divideB itself into eixteeu cells, which then constitute' 
a new colony similar to that with which we started {A, 
Fig. 50). 

243. The Water-Net (Hydrodictyon) is one of the most 
cnriona of the common plants of pools and slow streams in 
midsnmmer. Well-grown specimens are from 20 to 30 
centimetres long (8-12 inches), and consist of an actnal net 
made of cylindrical cells joined at their ends. The whole 




Fio. 50.—^, a colony of Fandorlaa manim; 0. Denial cells esciqttDg; E, F, O, 
UdlOD ot BsiuaJ cells; H, resting spore. All bl^hly magnified. 

net is a colony, and the general mode of reproduction re- 
aemblee that of Pandorina. 

244, New colonies are formed also directly by the proto- 
plasm of a cell first breaking np into a great number of 
small ones (by internal cell-formation), and then these soon 
arrange themselves into a miniature net inside of the old 
cell-wall. The old wall eventually decays and sets free the 
new colony. 

245. In the common Water-Flannel (Cladophora) of our 
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creeks uid rivera we have an example of a filamentous plant 
of tbe claM ZoOBporeie. It k a large, dark-green, much' 
branched plant, which attaches iteelf to stoaes and tuaben 
in the water. It grows so rigoroasly that it soon forms long 
matted masses, often several metres in length, which float 
and wave back and forth in the currents of water. It pro- 
duces myriads of soospores. 
24fl. The SM-Lettnce (Ulva), which is common along the 
coast and in brackish waters, grow- 
ing upon stones, wharf -timbers, etc., 
and resembling small lettnce-leavea, 
reprodnces by zodspores. The 
. plant is composed of a couple of 
' layers of cells, and in some of these, 
by internal cell-formation, zodspores 
are produced; these escape into the 
water, where they swim about by- 
means of their two cilia. 
tiKe (UlTa loctuca). Natural 247. Kelp and itS Alues (niffiO- 
sporeie) make up a large group of 
zooB pore-bearing plants. They are all marine, often attain 
a great size, and are of an olive-brown color. They con- 
stitute the Kelp which is often so abundant on the sea- 
shore after s storm. 

248. The lai^e, flat, leaf -like kelp (Laminaria, commonly 
called Devil's Apron) may be taken to illustrate the larger 
forms. The "leaf portion is sometimes from one to six 
metres long and nearly a metre in breadth, while its stalk 
sometimes attains a length of two to four metres. It is 
held to rocks and stones at or below low-water mark by 
means of root-like processes. 

249. The zoospores, which hare two cilia, are produced 
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in certain specialized cells. These occupy particular por- 
tions of the plant-body, and compose the "fruit," so called. 
In Devil's Apron these fruits occur as bands or spots in 
the central part of the leaf. The union of zoospores to 
form a resting-spore (zygospore) has been observed in but 
few cases, and not at all in the larger and more commop 
species. 

Practical Studies. — (a) In midsummer search qniet pools for water- 
nets. With a fine scissors cut out a piece of one and mount care- 
fully in water. Study with a low power of the microscope. Some 
of the cells will be found producing zoospores. Search for young 
nets forming within the old cells. 

(b) Collect a quantity of water- flannel, and put it in a large dish of 
water, leaving it over night. Next morning the side of the dish 
which is nearest the light will show a gi'eeu band at the water's edge, 
due to the myriads of zoospores which escaped during the night. 
Mount a drop of water and search for zo5sporcs. Occasionally the 
escape of zo&spores may be seen by mounting a number of filaments 
and searching carefully. 

(c) Collect sea-lettuce and study in the same way. 

{d) Study the tissues of Devil's Apron (Laminaria) in cross and 
longitudinal sections. 

Class II. Conjtjgatjb. 

250. Here the sexual cells which unite are fixed; that 
is, they are not locomotive. The sexual act always takes 
place in the mature plant. No zoospores are produced. 
This class includes many plants of great beauty and scien- 
tific interest. Of the four orders here noticed the first 
three are composed of chlorophyll-bearing plants, while in 
the fourth they are destitute of chlorophyll. 

251. The Desmids (Desmidiacece) are minute unicellular 
fresh-water plants. The cells are of very various forms, 
usually more or less constricted in the middle, and divided 
into two symmetrical half-cells. The cell-wall is more or 
less firm, but never silicious. 
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262. The reproduction of desmids takes place by fission 
and by union; that is^ asezually and sexually. In the first, 

the neck uniting the two halves of the cell 
elongates and becomes divided by a trans- 
verse partition, so that instead of the original 
no.6B.— AdM- symmetrical cell there are now two ezceed- 
fission.^'^m^y i^gly unsymmetrical ones (Fig. 52); these 

grow by the rapid enlargement of the new 
and small halves; eventually the two cells become sym^- 
metrical, by which time they have separated. This pro- 
cess may be repeated ag^in and again. 
253. In the sexual process each of two cells which are 





Fio. 58.— Sexual reproduction of a desmid (Cosmarium menenghlnli). a, front ; 
6, end; c, side view of the adult plants; d, two cells conjugating; e, voung rest- 
ixiff spore formed ; /. ripe resting spore, with spiny waU— the four halves of the 
parent cells are empty; gr, the resting spore germinating after a period of rest; 
A, the young cell escaped from resting spore; t, young cell dividing, showing 
two new plants, similar to a, placed crosswise in the interior of the cell. Magni- 
fied 476 tunes. 



near one another sends out from its centre a tube, which 
meets the corresponding one from the other (rf, Fig. 53). 

At the point of meeting the two tubes 

swell up hemispherically, and finally, by 

/ ^m^Bf the disappearance of the separating wall, 

the contentis upite and form a rounded 
desmid^ "cuSertaS! '^sting sporc (e), which soon becomes 

Highly magnWed. ^^^^^ ^.^ ^ ^^^^ ^^^ ^^^ ^^^^^ ^ 

longer or shorter time the resting spore may germinate^ 
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which it does by bursting its wall and dividing its con- 
tents into two parts, each of which finally becomes a aew 
deamid {g, h, t). 

254. The Diatoms (DiatomaceoB) are iDicroscopic uni- 
cellalar water-pIaotB, resembliag the BeamidB, bat differ- 
ing from them in having walls which are silioified, and 
in the chlorophyll being bidden by the presence of a 
yellow eoloring matter (phycoxan thine). Each cell is 
□Hually composed of two similar portions, called the 
valves. Each valve may be described as a disk whose ec^ 
is tnmed down all around, so 
as to stand at right angles to 
the remainder of the surface, 
making the valve have the 
general plan of a pill-box ' 
cover. The two valves are 
generally slightly different in 
size, BO that one slips within I 
the other {A, Fig. B6), thus i 
forming a box with double 
sidea In other cases the \ 
valves are simply opposed j 
and do not overlap. 

255. The indiyidnals may 
exist singly or in loose fami> _^ 
lies; they are free, or attached ^'J';^„'^ 
to other objects by little fNaVitSli'vi'rirtiL 
stalks, and they are frequently Highly mugaifled 
imbedded in a mucous secretion, llie free forma are loco - 
motive, and may be seen in constant motion under the 
microscope: the mechanism of the motion ig not certainly 
known, 
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256. In their reprodaction diatoms resemble the desmids, 
the only differences being those made necessary by their 
rigid walls. 

257. Diatoms are exceedingly abundant; they occur in 
both salt and fresh water, usually forming a yellowish 
layer at the bottom of the water, or they are attached to 
the submerged parts of other plants, and to sticks, stones, 
and other objects; they have been dredged from the ocean 
at great depths, and appear to exist there in enormous 
quantities. They are also found among mosses and other 
plants on moist ground. Oreat numbers occur as fossils, 
forming in many instances vast beds composed of their 
empty shells. The varied and frequently very beautiful 
markings of their valves have long made diatoms objects 
of much interest to the microscopist. The great regularity 
and the extreme fineness of the lines and points upon some 
have caused them to be used as microscopic tests. 

258. The Fond Scums {Zygnemacece). The plants of this 
order, which are all aquatic, are elongated unbranched fila- 
ments, composed of cylindrical cells arranged in single 
rows. The cells are all alike, and each one appears to be 
independent, or nearly so, of its associates. The filament 
is thus, in one sense, rather a composite body than an indi- 
vidual. The chlorophyll is generally arranged in bands or 
plates. 

259. The vegetative increase of the number of cells takes 
place by the fission of the previously formed cells. The 
protoplasm in a cell divides, and a plate of cellulose forms 
in the plane of division. This is repeated again and again^ 
and by it the filament becomes greatly elongated. It is 
interesting to note that this increase of cells, which here 
constitutes the growth of the plant-body, is that which in 
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aimpler plants is called the asexual mode of reprodnction. 
In the plants under consideration there is barely enough 
coherence of the cells to enable them to constitute a plant- 
body, and one can readily see that 
the same fission of the cells which 
here increases the size of the plant 
would, if the cells cohered less, sim- 
ply increase the number of individ- 
uals. 

260. As might be expected, the 
filaments occaeionaUy 
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Spontaneously into several parts of a coneiderable length, 
and the parts floating away give rise to new filaments. 
The separation takes place by the cells first rounding off 
slightly at the ends, so that their union is weakened at 
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their comers; finally only the centres of the rounded ends 
are left in slight contact, which soon breaks. 

261. The sexual reproduction is well illustrated in Spi- 
rogyra, one of the principal genera. At the close of 
their growth in the spring, the cells push out short tubes 
from their sides, which extend until they come in contact 
with similar tubes from parallel filaments (Aj Fig. 56). 
Upon meeting, the ends of the tubes flatten upon each 
other, the walls fuse together and soon afterwards become 
absorbed, thus making a channel leading from one cell to 
the other (Sy Fig. 56). Through this channel the proto- 
plasm of one cell passes into the other, and the two unite 
into one mass, which becomes rounded and in a short time 
secretes a wall of cellulose around itself (Fig. 56, S and (7). 
The resting spore thus formed is set free by the decay of 
the dead cell-walls of the old filament surrounding it; it 
then falls to the bottom of the water, and remains there 
until the proper conditions for its growth appear. 

262. The germination of the resting spore is a simple 
process. The inner mass enlarges and bursts the outer hard 
coat; it then extends into a columnar or club-shaped mass, 
gradually enlarging upward from its point of beginning; 
after awhile a transverse partition forms in it, and this is fol- 
lowed by another and another, until an extended filament 
is formed. 

263. The Black Moulds (Mucorint) are saprophytic and 
some times parasitic plants; they are composed of long 
branching filaments (hyphoB)^ which always form a more 
or less felted mass, the mycelium ; when first formed the 
hyphsB are continuous, but afterwards septa are formed in 
them at irregular intervals. The protoplasmic contents of 
the hyphse are more or less granular, but they nev^ de- 
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velop ohloropnyll. The cell-walls are colorless, except in 
the fruiting fayphie, wbioh are usually dark-colored or 
smoky (f uliginoas) ; hence the name of Black Moulds. 

264. The mycelium sometimes develops ezcluslTely in 
the interior of the nutrient medium; in other caeca it de- 
velops partly in the medium and partly in the air. In 
some speoicB the mycelium may occasionally attach itself 
to the hyphie of other plants of the same order, and even 




in an aerial erect hjpho. 

to nearly related species, and derive nonrishment parasiti- 
cally from them. It is doubtful, however, whether any 
species are entirely parasitic, and so far as parasitism oc- 
curs it appears to be confined to narrow limits; none, so 
far as known, are parasitic upon higher plants. 

265. The reproduction of Black Moulds is asexual and 
sexual. In the asexual reproduction the mycelium sends 
up erect hyphte (Fig. 57), which produce fewer many sepa- 
rable reproductive cells — ^the spores. The method of for- 
mation of the spores in the Black Mould of decaying fruits, 
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pastry, etc. (Mucor mucedo), is as follows: The vertical 
hyphsB, which are filled with protoplasm, become enlarged 
at the top, and in each a transverse partition forms ( Jl, a, 
Fig. 58), the portion above the partition (5) becomes larger, 
and, at the same time, the transverse partition arches np 
(J?, a), finally appearing like an extension of the hypha, 
then called the columella (C, a). The protoplasm in the 
enlarged terminal cell (b) divides into a large number of 
minute masses, each of which surrounds itself with a cell- 
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Fio. 68.— Diagrams showingmode of e^owth of the spore-case of Mucor mu- 
cedo. A^ very young stage; B. somewhat later; C, spore-case with ripe spores. 
a in all the figures represents the partition-wall between the last cell of the fila- 
ment and the spore-case, 6. 



wall; these little cells are the spores, and the large mother- 
cell is now a spore-case, or sporangium. 

266. The spores are set free in different ways: in some 
cases the wall of the spore-case is entirely absorbed by the 
time the spores are mature; in other cases only portions of 
the wall are absorbed, producing fissures of various kinds. 
The spores germinate readily when on or in a substance 
capable of nourishing them, by sending out one or two 
hyphae, which soon branch and give rise to a mycelium. 
Spores may, if kept dry, retain their vitality for months. 

267. Sexual reproduction takes place after the produc- 
tion of asexual spores. Two hyphse, in the air or within 
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the nutritive mediam, come near each otner, and send oat 
Bmatl brancbes, which come in contact with each other (a, 
Fig. 59) ; theBe elongate and become club-shaped, and at 
the aame time they become more closely united to each 
other at their larger eztremiticB {b) ; a little later a trans- 
verse partition forms in each at a little distance from their 
place of onion (c); the wall separating the new terminal 
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nlfled M limes, the others near^ the aame. 

cells is now absorbed, and their protoplasmic contents unite 
into one common mass {d); the last stage of the process is 
the secretion of a thick wall around the new mass, thns 
forming a zygospore (e). 

268, The resting spore does not germinate antil it has 
undergone desiccation, and has experienced a certain period 
of rest, when, if placed in a moist atmosphere, it sends ont 
hypbffi which bear spore-casea. Resting spores appear never 
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to form a myceliam: that s always the result of the growth 
of the spores from the spore-cases. 

Practical StndUs. — (a) Collect a quantity of Pond Scum and other 
aq'iatic vegetation, and preserve in a dish of water. Mount portions 
of this material and search for desmids, using a ^-inch objective. 
Two-lobed or star-shaped desmids of a bright-green color may fre- 
quently be found. A large lunate desmid (Closlerlum, Fig. 54) is 
often still more common. In the latter the clear protoplasm at each 
end is always streaming rapidly. 

ip) Collect a little of the brownish-yellow scum which in early 
spring gathers on the top of the water of brooks, ditches, and pools. 
Mount in water and examine with a high power. Hundreds of dia- 
toms may be seen moving rapidly across the field in every direction. 
In any such preparation many species of various shapes will be 
found. The prevailing form, however, is generally elongated and 
somewhat diamond-shaped. 

{c) Study in like manner the slimy coating upon dead leaves and 
twigs in water in the summer for diatoms. On some of these, very 
fine markings may be found. 

{d) Collect a quantity of bright-green Pond Scum which always 
abounds in shallow ponds and pools, and pn serve in a dish of water. 
Collect, also, some of the same which has begun to turn yellow and 
brown. Ui>on mounting a bit of the first in water and examining 
with a high power, it will be found to consist of threads of cylindri- 
cal cells, each containing one or more spiral chlorophyll-bands (Spi- 
rogyra, Fig, 56) or star-sliaped chlorophyll-bodies (Zygnema). Upon 
mounting some of the second collecting, here and there the formation 
of resting spores may be observed. In all cases care must be taken 
not to mount too great a quantity of the material, nor to injure the 
plants by rough handling. 

{e) In the study of Black Moulds it is mostly necessary to make 
use of alcohol for freeing the specimens of air; afterwards they usu- 
ally require to be treated with a dilute alkali, as a weak solution of 
ammonia or potassic hydrate, which causes the hyphse to swell up to 
their original proportions. 

(/) Cut a lemon in two, and, squeezing out most of the juice, ex- 
pose the two halves to the air of an ordinary living-room or school- 
room for a few days, when various moulds will begin to develop. 
Under favorable circumstances Black Mould will predominate. It 
can be told by its dark color and the minute round black spore- 
cases on the ends of the erect hyphse. Mount a few hyphse (as di- 
rected in e above) and examine hyphse, spore-cases, and spores. 
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y) Moisten a piece of perfectly fresh bread, and tlieh sow here and 
there on its surface a few spores of Black Mould; cover with a tum- 
bler or bell-glass. In a few hours a new crop of Black Mould will 
begin developing. 

(h) The most common Black Moulds are species of the genus Mucor. 
M mucedo and M. stolon if er are common on many decaying sub- 
stances. M. syzygites occurs on decaying toadstools and other large 
fungi. Pilobolus crystallinus, Piptocephalis freseniana, and Chseto- 
cladium jonesii occur on animal excrement Phycomyces nitens 
grows on oily or greasy substances, as old bones, oil-casks, etc. 
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CHAPTER IX. 
BRANCH III. OOPHYTA. 

THE EQG-8P0BE PLANTS. 

269. The distingaisliing feature of the plants belonging 
to this division is that they develop a large cell (the oogone, 
or oogoninm), differing from those aboat it in size and 
general appearance, which contains one or more rounded 
masses of protoplasm (the germ-cells), which are subse- 
quently fertilized by the contents of a second kind of spe- 
cial cell of much smaller size (the antherid, or antheridinm). 
The oogone is the female reproductive organ, and the an- 
therid the male. The protoplasm of the latter is in some 
cases transferred by direct contact to the germ-cell; in 
other cases it first breaks up into motile bodies (the anther- 
ozoids), which then come to and unite with the germ-cell. 

270. The germ-cell itself is never motile, and in most 
cases it remains within the parent-plant until long after it 
is fertilized. The result of fertilization is the production 
of a resting spore (here called an oospore) which differs 
from the germ-cell structurally in having a hard and gen- 
erally colored coating, and physiologically in having the 
power of germination and growth after a period of rest of 
greater or less duration. 

271. The plants of this division vary greatly as to the 
development of the plant-body. In some cases it is a feebly 
united colony, while in its highest forms it is a well-devel- 
oped thallus, with even the beginning of a differentiation 
into Caulome, Phyllome, and Root. Most of them are 
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chlorophyll-bearing, but a few are colorlesH saprophytes 
and parasites. 

212. Four clasees have been distinguished: 

1. Zodtpwem. Anatogous and related to the ZoOsporcte of Bruncli II, 
3. (Edogoaiea; plant body a cellular fllamenC 

3. CcdjMatlete; plant-bmly a tubular filaraeut. 

4. Fucacea; plant-body lurge and complex; color olive green. 

Class I. Zoospores. 

273. The little Bpherical Volvox of the pools and ditches 
may be taken as an illustration of the first class. It resem- 
bles Pandorina in many respects, 
and without doubt is closely re- 
lated to it. Volvox is a colony of 
very many little cells, each of 
which projects its two cilia out- 
ward, giving the ball a hairy ap- 
pearance. By the lashing of the 
citia the ball rolls about in the 

water. B^. M.— a VoItox oolony. 

274. At a certain stage some of Sic^iuKTouag colonies wi^. 
the cells enlarge and slip into the 

interior of the colony, becoming free oogones, each con- 
taining one germ-cell. At the same time other cells break 
np their protoplasm into motile antherozoids, which escape 
into the same cavity of the colony. At length the anthero- 
zoids unite with the germ-cell, when as a result the latter 
secretes a thick wall, and thus becomes a resting spore. 
Upon germination the resting spore divides its protoplasm 
into several hundred small cells, which then arrange them- 
selves into a new colony. 

275. The asexual reproduction takes place by certain 
cells breaking into great numbers of little cells, which then 




onite tbemselTev diraetlj into a Dew colony in the interior 
of the parent-oolony (Fig. 60). 

Class II. <£DOGoinE.& 
219. The plants conatitating this class are composed of 
articulated, simple, or branched 
^■'•- filaments, which are attached to 
sticks, stones, earth, or other ob- 

I jects by root-like projections of 
die basal cells. The chlorophyll 
in the cells is always dense and 
aniform. They inhabit ponds and 

I slow streams, and form green 
or brownish masaes which fringe 
lite sticks and other objects in the 

I water. 

277. The asexu^ reprodnetion 
of (Edogoniew is very carioos. 
Dnring the early and active 
growth of the plants the proto- 
plasm of certain cells escapes as a 
large zoospore (Fig. 61, ^ and^; 
it is provided with a crown of 
oilia about its smaller hyaline 
end, by means of which it swims 
rapidly hither and thither in the 
water ( C). After a time it comes 
A.otictun to rest, clothes itself with a cell- 

at: S. eacapeol pro- 

dfonnatioiioraioo- wall, and sends ou t from its small- 

■poro; O. ■wlmmlng zoOapore; 

*■. ™ PS? " T'' "",? ?f Iwf er end root-like prolongations (J>), 

out root-Uke prolonraHonBfrom r » \. /' 

X-t'S^'^iSi'J^'S «'>'"'' ■"'^1' ■' "• ■''™ "^i^i 

nSi^SXZ ■*"''°'' it now elongatee, and at length 
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forms partitione, taking on eventtiallj' the form of the adult 
filament. It sometimes happens that before the new plant 
resnlting from the growth of a zoospore has formed its 
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first partition, the protoplasm again abandons its cell, to be 
for a second time a zoospore (JS). 

2V8, Id the sexual reproduof^ion pf the plants of thje c\ff9 
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the female organ consists of a roanded germ-cell situated 
within a cavity — ^the oogone; it is developed from one of 
the cells (sometimes two) of the filament by a condensing 
and rounding off of the protoplasmic contents; when the 
germ-cell is fally mature, an opening is formed in the 
oogone-wall for the ingress of the antherozoids (A and B^ 
Fig. 62). One or more antherozoids are produced in cer- 
tain small cells of the same or another filament; in shape 
they resemble the zoospores mentioned above. Upon es- 
caping into the water they swim about vigorously, eventu- 
ally making their way through the opening in the oogone, 
and then burying themselves in the substance of the germ- 
cell (By Zy Fig. 62). After fertilization, the germ-cell be- 
comes covered with a thick and colored (brown or red) 
coat, and it then becomes a resting spore. 

279. After a period of rest, the resting spore germinates 
by rupturing its thick coat and permitting the escape of 
the contents, enclosed in a thin envelope; by this time the 
protoplasm has divided into four portions, which take on 
an oval form and develop a crown of cilia. They soon 
escape from the investing membrane, and after a brief 
period of activity grow into an ordinary filament in exactly 
the same manner as the zoospores. 

Practical Studies. — (a) In midsummer collect a few quarts of the 
surface-water of weedy ponds, together wUh the Pond Scums grow- 
ing therein; put it into a shallow dish, and after an hour or so look 
carefully (with the naked eye) for Yolvox. It will be seen as a minute 
green ball (from .5 to 1 millimetre in diameter) rolling slowly through 
the water. Now carefully transfer it to a slide along with enough 
Pond Scum to prevent crushing. Under even a low power many of 
the details of structure may be made out, and one or more young 
colonies in the interior may almost invariably be seen. 

(6) Specimens of (Edogonium may be obtained by examining the 
small sticks and stems of aquatic plants from, quiet waters. They 
may be recognized by the enlarged cells (oOgones). 
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Class III. C(eloblaste^. 

m 

280. The plant-body in this important and interesting 
class is a branched filament, in which the protoplasm is 
continuoas. These plants are, however, not to be consid- 
ered single-celled, but rather rows of cells which have not 
become separated from one another by partitions. 

281. The Green Felts {YaiLcfieriacece) are good repre- 
sentatives of the first order under this class. They are 
coarse, green, tubular plants which grow in abundance on 
the moist earth in the vicinity of springs, and in shallow 
running water, forming dense felted masses. 

282. The asexual reproduction consists of a separation of 
a part of the plant-body, sometimes a swollen lateral 
branch, sometimes only the protoplasm of such a branch. 
In the latter case the protoplasm may escape as a zoospore 
{Ay Fig. 63) which eventually forms a wall around itself, 
and then proceeds to elongate into a new plant-body. 

283. Sexual reproduction takes place in lateral branches 
also. Both antherids and oogones develop as lateral pro- 
tuberances upon the main stem (o^, og^ A, Fig. 63). The 
male organ (antherid) is long and rather narrow, and soon 
much curved; its upper portion becomes cut off by a par- 
tition, and in it very small biciliate antherozoids are de- 
veloped in great numbers. The female organ (oogone) is 
short and ovoid in outline, and usually stands near the 
male organs. In it a partition forms near its point of 
union with the main stem; the upper portion becomes an 
oogone, and its protoplasm condenses into a rounded body, 
the germ-cell: at this time the wall of the oogone opens, 
and permits the entrance of the antherozoids which were 
set free by the rupture of the antherid-wall. , 
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284. Upon coming into contact with the germ-cell the 
antherozoids mingle with it and disappear; the, germ-cell 
immediately begins to secrete a waU of cellulose about 
itself, and it thus becomes a resting spore. After a period 
of rest the thick wall of the resting spore splits, and through 




Fio. 63.— Reproduction of Green Felt (Yaucheria sessUis). A, formation of a 
zoospore; B^ zoSspore come to rest; C. zoospore germinating; 2>, E^ youne 
plants; w, root-like holdfasts; F^ plant with sexual organs. Magnified about 90 
times. 



the opening a tube grows out which eventually assumes 
the form and dimensions of the full-grown plant. 

286. The Water-Moulds {Saprolegniaceoe) are colorless 
saprophytes or parasites, more frequently the latter; they 
are generally to be found in the water, attached to the 
bodies of living or dead fishes, crayfishes, etc., or occasion- 
ally in the moist tissues of animals out of the water. The 
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plant-body is greatly elongated and branched, and all its 
vegetative portion is continaous; the reproductive portions 
only are separated from the rest of the plant-body by 
partitions. 

286. The asexual reproduction is very much the same as 
in Green Felt. It may be briefly described as follows: 
The protoplasm in the end of a branch becomes somewhat 
condensed, a partition forms, cutting off this portion from 
the remainder of the filament, and the whole of its contents 
becomes converted by internal cell-division into zodspores 
provided with one or two cilia (Fig. 64, 1). These soon 
escape from a fissure in the wall and are active for a few 
minutes, after which they come to rest and their cilia dis- 
appear (2 and 8). In one or two hours they germinate by 
sending out a filament (4), from which a new plant is 
quickly produced. 

287. The sexual organs also bear a close resemblance to 
those of Green Felt. The oogones are spherical, or nearly 
so (in most of the species), and contain from two to many 
germ-cells, which are fertilized by means of antherids, 
which usually develop as lateral branches just below the 
oogones. In some species the antherids and oogones are 
upon the same plants, and in such cases the fertilization 
takes place by the direct contact of the antherid and the 
passage of its contents into the oogone by means of a tubu- 
lar process from the former; in other species the plants 
are dioecious, and in them the antherids produce motile an- 
therozoids, by means of which the fertilization is effected. 
After fertilization each germ-cell becomes covered with a 
wall of cellulose and is thus transformed into a resting 
spore. 

288. What is given above may be taken to illustrate the 
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general mode of reprodnction in the order. It [ 
mnch rariation in the different genera and species. The 
resting spores of the Water-nwnlds possess, when mature, 
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a thick integament, which !b double — that is, formed of an 
outer thicker coat (epispore) and an inner thinner one (en- 
dospore). After a considerable period of repose the rest- 
ing spores germinate by sending out a tabe, as in Green 
Felt. 

289. The Fly-Fnngni (Entomophthora mnscse), which in 
the antumn is bo destmctive to honae-fliea, is a member of 
a small order (EntomopIUhoreee) apparently related to the 
Water-moulds. It consiBts of small cells which grow in 
the moist tiesaes of the fly, and at last pierce the skin, pro- 
ducing minute terminal spores, which give the fly a pow- 
dery appearance. These spores (called, also, conidia) may 
be seen as a whitish halo snrrouuding the Spot to which the 
fly, now dead, has attached itself. 
Resting spores have been observed 
in some species. They are round 
and thick- walled. 

290. The MUdewa utd White 
Soita {PeronosporeoB) live parasitic 
cally in the interior of higher plants. 
They are composed of long branch- 
ing tubes, whose cavities are con- 
tinuous throughout. They grow 
between the cells of their hosts,* 
and draw nourishment from them 
by means of little branches {hmu~ 
torid), which thrust themselves 
through the walls (Fig. 6£). 




Fia. Sit.— ShowlneoDe of tbe 
hypbse (m. m) ot a Mildew, 

291. The asexual spores (conidia) intotblceiis(<,t)ofitaho«j 



are produced upon branches of the 



>l npon vblcb it leedi la called 



^ngas which protrude throagh the epidermis of the host. 
Id the Mildews (species of PeroDoepora) these branches 
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<Feronoqii>ra infeetuii). Hl^l; nmgDiOed. 

find their way through the breathing-pores, and bear their 
spores singly upon lateral branchlets (Fig. 66); in the 
White Rusts (species of Cystopns) the 
cooidia-bearing branches collect under the 
epidermis and mpture it. Here the coni- 
dia are borne in chains or bead-like rows 
(Fig. 67). 

292. In some species the conidia germi- 
nate by forming a tube; in others they 
divide internally and finally emit many 
zoospores. The latter eventually protrude 
a tube and bore their way into the cells of 
Pia. w.-ahowine the host (Fig. 68, a to t). 
dia-hwuine tmi^s 293. The sexual reproduction always 

of tbe WbfM Bum, or . , , ■■•■■... - 

Peppergnuw. Haeni- takes place in the intercellular spaces of 

the host. Lateral branches of two kinds 

appear upon the hyphie; those of one kind (the young 
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oogonea) become greatly thickened and finally s 
globnlar ehape (Fig, 69, o); the other branches (the yonng 
antherida) become elongated and clnb-ahaped (Fig. 69, n). 




FiQ. S8.— Oermlnatlao ol the <yniidi& at FotBto-mlldsn'. i-, -. ^ - 

■oospores; d.groirth ot laSmoree; tgi. a zoospore growing lnl» the oells of (be 

•ffiaal, e, i. ll^;nlfled about m times. 

The antherida bend and come in contact with the o&gones, 
and soon each thrnsta out a email tube which penetrates 
the oogone, reaching the germ-cell. The protoplasm of the 




antherid is thus transferred directly to the germ-cell (Fig. 
66, A, £, 0). After fertilization the germ-cell secretes a 
thick double wall, and so becomes a resting spore. 

294. The resting spores remain in the tissues of the host 
nntil the latter decay, which is generally in the spring. 



Germination then takes place, in some Species by the pro- 
duction of a tnbe, in others by the division of the proto- 




Fia, TV.— KesUng eporee ot WfaHe Rdbc at Feppersnus; at A, stiU suironndad 
bv oDgone. B, C, roimBllou of to&^orta; U, free zoSapores. tttipMei 400 



plasm into Eooepores (Fig. 70, B, G, D) whose Bnbaequent 
development is like that described abore in case of the 
conidia. 

PraetiMl StiiiJiea.—{a) Collect a qimmit)' [>f Green Felt and pre- 
serTe it in a dish of water. After a few liours a large number of zo5- 
spores may be bbeerred collected at tbe edge of the water nearest to 
tbe light. 

(b) Examine carefully mounted specimens of tbe bright-green flia- 
menl8, and look for the thickened lateral brandies which produce 
the znSspores. 

(c) Select some of the oldest, yellowish fjlamenta. Mount and ex- 
amine with a low power for the sexual oigans. In collecting speci- 
mens for the study of the sexunl organs it is necessary always to 
Inke those masses which are yellowish and appear to be dying or 

(d) Throw a dead fish into a pool of water in the summer, and ex- 
amine It after a few days, when it will probably be found covered 
with a moulil-like growtli. Remove a few fllaiueiits and look for 
the formation of zoospores. The same Wuter mould (Saprolegnia 
fcrnx) may often l>e found upon the bodies of youog fishes, especially 
in fl^h-hatcbing bouses. 

(e) In tlie latter part of summer and in the autumn, examine the 
dead files which adhere to wiudow-pnjies, door-casings, and especially 
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to wires and strings hanging from the ceiling. The whitish powder 
around the fly wili indicate the presence of the Fly-fungus. Mount 
some of this white powder in water and study under a high power 
to see spores. Examine some of the tissue of the fly (by tearing out 
small bits of the distended abdomen) for the internal portion of the 
parasite. 

(/) In the spring the leaves of shepherd's purse and peppergrass 
may often be found covered underneath with a white mould-like 
growth (Peronospora parasitica). Carefully scrape oft a little of this 
growth and mount first in alcohol, afterwards adding a little potassic 
hydrate. The irregularly branching hyphse will be seen to bear here 
and there their white, broadly ellipsoidalconidia. Similar studies 
may be made of the Qrape-mildew' (Peronospora viticola) on grape- 
leaves in autumn, and the Lettuce-mildew (Peronospora gangliformis) 
on cultivated and wild lettuce from spring to autumn. 

{g) Make very thin cross-sections of a leaf affected with a Mildew, 
when the latter has passed the period of its greatest vegetative ac- 
tivity. Mount in alcohol (to drive out air-bubbles), then add potassic 
hydrate, and look for the resting spores, which in some species are 
of a dark-brown color. 

(A) White Rusts occur on many plants: one (Cystopus candidus) 
on shepherd's purse, peppergrass, radish, etc. ; another (0. bliti) on 
amarantus; and another (C. portulacse) on purslane. For conidia, 
make very thin cross-sections of leaves, through a white-rust spot, and 
mount as above. The resting spores (which are dark brown) are 
easily obtained in the leaves of amarantus and purslane. 

Class IV. FucACB-as {the Hockweeds). 

295. The plants of this class are entirely marine. In 
many cases the development of the plant-body is unusually 
perfect, showing a differentiation into parts which have a 
considerable resemblance to roots, stems, and leaves. In 
size they approach the flowering plants. Their tissues, too, 
show a high degree of differentiation; the cells are arranged 
in cell-masses, and these are differentiated into several va- 
rieties of parenchyma, approaching, in some instances, to 
the condition which prevails in the Mosses and their allies. 

296. With the foregoing there is found a marked differ- 
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entiation of portions of the plant-body into general repro- 
ductive organs, analogous to the floral branches of higher 
plaoteu The sexual organs are developed upon modified 
branches, whioh differ more or less in 
shape and appearance from the ordi- 
nary ones. 

2B7. In Rockweed (Facos) the aex- 
nal organs are found in the thickened 
ends of the lateral branches {A, Fig. 
72). They occur on the walls of 
cavities termed conceptacles, which 
are spherical, with a small opening at 
the top {B, Fig. 72). The concepta- 
cles are at first portions of the general 
surface, and afterward become de- 
pressed and walled in by the over- 
growth of the surrounding tissues; 
they are thus in reality portions of the 
general surface. 

298. The walls of the conceptacles 

are clothed with pointed hairs, which 

in some species project through the 

opening, and among these are found 

Pia. Ti. FartoTapiuitor the sezual orgaus, which are them- 

knolted Rockweed (Abco- , r. , > ■ , . 

piiyiJtiin nodomim), rHow- selves, as Sachs has pointed out. 

Gig llw alr-bladdera. Nat- n, 

uniiBize. modified hairs. The anthenas are 

produced as lateral branch^ of hairs {A, Fig. 78); each 
antherid is a thin-walled cell, whose protoplasm breaks up 
into a large number of biciliate antherozcids, which escape 
by the rupture of the surrounding wall {B). Before rup- 
turing, however, the antherids detach themselves and float 
in the water with their contained antherozoids. 
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299. The oogone is a globnlar or ovoid ahort-Btalked 
body containing eight germ-celle. The germ-cells escape 
from the oogone surrounded by an investing membrane, 
which fioats out throngh the opening of the conceptacle, 




Fto. TS.~-j1. end of bnnah ' 

/, /, concepMcles, B. mMcnifled uctii 
a, b; oOgones. c; ■iithertiU. e. 

where it finally mptares and sete the germ-cells free {II, 
Fig. 73). The antherozoida, which are liberated at about 
the same time, gather around the inactive germ-cells in 
great numbers, and by the vigor of their movements some- 
times actually give them a rotary motion {III). The re- 



146 



BOTANT. 



salt of their coniiDg together is the fertilization of the g^m- 
cells, and their transformation into restiDg spores by the 
secretion of a wall of cellulose on each one. 
300. Id germination the resting spore lengthens and nn- 



■^/ ;«r 




Fia. ra,-Seiual orftuu of Rockweed (F. Tesicnlodi). A, kotheridi; B, aa- 
tiierowldaj /, oflgone Knd luirs; II, escape of ^rm-csllij III, eerm-cell anr- 
rotinded br nutherDEoidsj IV. V, germiiwUon of reaUiiK spore. HaKDlOed ISO 
times; B, HO. 



dergoes division into numerous cells; at the same time it 
elongates below into root-like processes, which serve to 
hold fast the new plant ( V, IV). 

Praelleal Sladiei.—{n) Secure specimens of Rockweeds, fresh or 
dry. Fresli ones mny ensily be foun<1 nlixij; llie bench of tlie ocean 
after a stnnn. Dry siiecimens can ensily be procurwl by purchnse or ■ 
exchange. Make Uiin crosB-sections Ihrougb the cmiceptncles in ibe 
thickened ends of llic braocblcls. When mounted in water, even 
tbe sections from uie dry specimens will frequently sliow tlie sexual 
organs quite well. It niust lie remembered tliat some species are 
dicecioua, i.e., have tbe antberiils on one plant and the oOgonea on 
another. 
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(b) Make very thin cross and longitudinal sections of different por- 
tions of the plant-body, and study the tissues. Note particularly the 
boundary tissue (epidermis), and the cells constituting the midribs 
and harder portions of the stems and leaves. 

(c) The following key to the genera of American Fucacesa will be 
helpful in their study. 

I. Plant branched: 

1. Leafy; air-bladders stalked, separate Sargassum. 

In addition to half a dozen species of both coasts, the 
Gulf weed (Sargassum bacciferum) may be mentioned, 
which floats iu great quantity in mid-Atlantic, consti- 
tuting the so-called Sargasso Sea. Its proper home is in 
the West Indian region, where it grows attached to rocks. 

2. Leaves spirally inserted, bearing air-bladders on their 

blades (Southern) Turbinaria. 

8. Leaves 2-ranked, bearing air-bladders on their petioles 
(Western) Phyllospora. 

4. Plant pinnatifid ; air-bladders several celled, terminal on 

the brauchlets (Western) Halidrys. 

5. Plant dichotomous, the parts flat and provided with a mid- 

rib (both coasts) Fucus. 

* This contains the proper Rockweeds of the seaside. 

Eight species occur in the United States. 

6. Plant irregularly dichotomous, the linear parts destitute 

of a midrib (Eastern) Ascophyllum. 

7. Plant much-branched, bushy, the branches filiform (West. 

ern) Cystoseira. 

XL Plant reduced to a top-shaped or cup-shaped vesicle (doubt- 
fully American).. Himanthalia. 



CHAPTER X. 
BRANCH IV. CARPOPHYTA. 

THE aPOBE-FBUIT PLANTS, 

301. The difltingaighiiig characteristic of the plants 
which constitute this vast division is the formation of a 
spore-fruit (sporocarp) as a result of fertilization. The 
spore-fruit consists essentially of two different parts; viz., 
(1) a fertile part, which either directly or indirectly pro- 
duces spores, sometimes a few, or even one, or a very great 
number; (2) a sterile part, consisting of cells or tissues de- 
veloped from the cells adjacent to the fertile part, and so 
formed as to envelop it. 

302. This immense group includes plants with chloro- 
phyll, and a large number of species which are parasitic 
or saprophytic, and which, as a consequence, are destitute 
of chlorophyll. In the former, the spore-f niit is small in 
proportion to the size of the vegetative parts of the plant; 
but in the latter, where the vegetative parts are greatly 
reduced, the spore-fruit is proportionately large. In this 
the parasites and saprophytes of the Carpophyta are like 
those of the flowering plants, in which the vegetative or 
assimilative organs are smaller than in those which contain 
chlorophyll; thus the very large spore-fruits of many of 
the larger fungi, and their relatively small mycelium, may 
be compared to the large reproductive organs and the re- 
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duced stems and leaves of the Vine-rape of Sumatra 
(Rafflesia). 

303. The female organ in this division is called a car- 
pogone, and consists of a single enlarged cell, or of several 
cells of a special form. In some cases a projection, called 
the trichogyne, is attached to the carpogone; its function 
appears to be the conveyance to the carpogone of the fer- 
tilizing matter received from the antherid. 

304. The antherid is much more variable in structure 
than the female organ. In some cases it is applied directly 
to the carpogone in fertilization, while in others it produces 
antherozoids. 

306. The plant-body shows in general a more perfect 
development in the Carpophyta than in the preceding divi- 
sions. While it is but little developed in the parasitic and 
saprophytic species, it is well developed in many of the 
Red Seaweeds and the Stoneworts, in which there is often 
a considerable amount of differentiation of the plant-body 
into caulome and phyllome. 

306. Five classes may be readily distinguished, as follows: 

1. Green fresh-water plants; fruit spores few >. . . . Coleoc^icetecB. 

2. Red or purple mostly marine plants; fruit-spores many. .Floridea. 
8. Parasites; fruit-spores many, enclosed in sacs Ascomycetes, 

4. Parasites; fruit-spores many, on stalks Batfidiomycetes, 

5. Green fresh- water plants; fruit- spore one. .'. Gha/racecB. 

Class I. CoLEOCH^TEiB. 

307. The genus ColeochsBte shows us the simplest form 
of sexual reproduction among the Carpophytes. The spe- 
cies are all small green fresh-water plants, composed of 
branching filaments, which are arranged radially; the diam- 
eter of each ouahion-Iike mass is from 1 to 2 mm. (.04 to 
.08 in.). 
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308. Asexual reprodaotion U hj means of ciliated eo5- 
spores, ODe of which may form in each cell and escape 
through a round hole in the oell-wall {D, Fig. 74). 

309. In the sexual process the female organ, the oarpo- 
gone, is a single cell, wide below and tapering above into 
a long slender canal, the trichogyne, which is open at its 
apex {A, Off, Fig. 74). In the swollen basal portion there 
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is a considerable mass of protoplasm, which is the essential 
part to be fertilized. The male organs, the antherids, are 
formed as flask-shaped protaberances which grow out of 
adjoining cells. In each antherid a single oval biciliate 
antherozoid is formed (A, z, z, Fig. 74). 

810. Fertilization is doubtless effected by these anthero- 
zoids coming in contact with the protoplasm of the oarpo- 
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gone, but the actual entrance of the former has not yet 
been seen. After fertilization the protoplasm in the car- 
pogone increases considerably in size, and forms a cellulose 
coat of its own. The cells which support the carpogone 
send out lateral branches, which grow up and closely sur- 
round it, finally covering it entirely (excepting the tricho- 
gyne) with a cellular thick- walled " pericarp" (-B, r). The 
whole mass, including the fertilized carpogone and its in- 
vesting pericarp, constitutes the simplest form of spore- 
fruit (the spotocarp). 

311. The further growth of the spore-fruit takes place 
the next spring by the swelling of the protoplasmic con- 
tents, and the consequent rupture of the pericarp; the 
inner portion divides into several cells, C (the proper fruit- 
spores), which give rise to zoospores closely resembling 
those developed from the vegetative cells. From each 
zoospore a new plant eventually arises. 

PracHeal Studies. — (a) These little plants occur Id fresh- water pools 
as little green masses adhering to leaves, sticks, etc. According to 
Wood, we have probably two species. 

(b) The sexual process and the development of the sexual organs 
occur in May, June, and July. 

Class n. FLOBiDEiB (the Med Seaweeds). 

312. The plants of this class, which are almost without 
an exception marine, are among the most beautiful and in- 
teresting members of the vegetable kingdom. All have 
some shade of red or purple which sometimes becomes ex- 
ceedingly rich; while for beauty of outline and delicacy of 
branching they stand unrivalled among plants. 

313. To a great extent they grow in the deep water 
below low-water mark, far beyond the reach of the ordi* 
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nary collector. There is therefore a good deal of diffi- 
culty involved in their study. The greater part of the 
material which the stndeDt secnrea for study is that which 
the BtOFms have washed ashore from the deeper waters. 

314. The plant-body varies from small branching fila- 
ments, on the one hand, to expanded leaf-libe growths 
showing a considerable degree of complexity, with the be- 
ginning of a differentiation of the cells into several kinds 
All contain chlorophyll, which, however, is 




FiO. re. Fio. !«. 

Fio. TG.— A Bed Seaweed (Plocamlmn cocclneuml. About n&tunl «i». 
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Eporee. £,oICor&ILlna»fQc[IU(liB; t, tetraBporee la acup-ahaped eitmnl^ oI» 



generally hidden by the presence of a red or purple color- 
ing matter. 

316. The asexual reproduction takes place by means of 
spores, which, from almost always forming in fours, are 
known as tetrasporea {A and B, t, t. Fig, 76). These appear 
to replace the swarm-sporea of other seaweeds, and may 
also be compared to the conidia of certain fungi; they are 
destitute of cilia, and arc, as a consequence, not locomotive. 
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316. The Bexual organs consist of carpogones and anther- 
ids. The latter are Bitnated singly or in gronps on the 
ends of branches {A and B, a, a, Fig. 77). The anthero- 
zoids are small round bodies which are destitute of cilia 




Fio. n.— Bezual repraduoUon ol Bed Seamedi^ A (Lejollaia): a, sntherldj 
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-■ a. ODiherid. and antheroioIdH; fi, cwpogODe. D *nd J^ deTelop- 



(A, X, Fig. 77), and are carried about by currents of water, 
and in this way brought to the carpogones. 

317. The carpogones are somewhat variable as to their 
complexity, being much more simple in the lower orders 
than in the higher. In some cases (Xemalion) the carpo- 
gone [B, b. Fig. 77) is thickened below, and elongated 
above into the trichogyne, which differs from that in Co- 
leochiete in not being open at the top. 

318. When the antherozoids are set free from the anther- 
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ids they attaoli themselYeff to the trichogyney as shown in 
Fig. 77. The result of this contact of the antherozoids with 
the trichogyne is the fertilization of the carpogone, which 
immediately enlarges and at the same time undergoes 
division into many cells, which grow into short, crowded 
branches, bearing a spore at the end of each (7> and J?, Fig. 
77). This growth, which includes the spores and the short 
branches which bear them, and which resulted from the 
fertilization of the carpogone, is the spore-fruit (sporocarp) 
of these plants. In the genus under consideration the 
spore-fruit is a comparatively simple growth, as compared 
with the degree of complexity it reaches in some other 
orders of this class. 

319. In some other cases (Lejolisia, etc.), the carpogone, 
before fertilization, consists of several cells (-4, J, Fig. 77). 
Upon fertilization takijig place, the outer cells of the carpo- 
gone divide, and develop into articulated branches which 
lie side by side and form a more or less spherical envelope, 
the so-called '^ pericarp." In the mean time the central cell 
of the carpogone produces outgrowths or short branches 
which eventually bear spores, occupying the cavity of the 
pericarp (Ay «, Fig. 77). The spore-fruit here consists 
of a fertile part which bears spores, and a sterile part 
which serves as a protection or covering. In technical 
works the spore-fruit is called a "cystocarp." 

Practical Studiet. — ^There are many orders of the Red Seaweeds, 
but it is unnecessary to notice them here particularly. About one 
hundred species occur along the New England coast, and the number 
is greatly increased as we pass to the southward. 

It is difficult for the student to study the plants of this class away 
from the seashore, and as a rule it is perhaps as well for the beginner 
to content himself with only a general examination of such specimens 
as mav be accessible. 

specimens for the study of the stnictiire should be preserved m 
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alcohol or glycerine. However, much may be made out by the care^- 
ful ezaminatioD of dried specimens. 

Red Seaweeds may often be obtained ** in the rough" which can 
be slightly moistened and then pressed out and dried for study. 
Such material will often yield quite good specimens. 

Good mounted microscopic specimens may sometimes be obtained 
showing the structure of the plant as well as of the sexual and asex- 
ual reproductive organs. 

Class m. Ascomycbtes {the Sac-Fungi). 

320. This large class includes chlorophyll-less plants 
which differ much in size and appearance, but which agree 
in producing their fruit-spores (sac-spores, or ascospores) 
in sacs (dsci). 

321. The sexual organs consist of carpogones and anther- 
ids, and, after fertilization, produce a spore-fruit (sporo- 
carp) which includes the sacs and their contained sac-spores. 
The most common nnmber of sac-spores is eight in each 
sac; but it sometimes exceeds, and frequently falls short, of 
this number, there being often no more than one or two. 
The sacs are in many cases arranged side by side in a com- 
pact mass, forming a spore-bearing surface (the hymenium). 

322. In addition to the sac-spores there are generally one 
or more other kinds of spores which are developed asexu- 
ally. Some of these are doubtless to be regarded as the 
equivalents of the conidia of the lower groups, and will 
accordingly be so named here. 

Of the Sac-fungi there are a number of well-marked 
orders, all but one of which are popularly known as fungi. 

323. The Blights and their Allies {Order Perisporia- 
ceoe). — ^These plants, which are mainly parasitic, are com- 
posed of branching jointed filaments {hypJm) which form 
a white web-like film upon the surface of the leaves and 
stems of their hosts. There are both sexual and asexnal 
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sporeSy and of the latter there are in most cases two or three 
different kinds, which are produced earlier than those that 
result from a fertilization. 

324. The sexaal organs and the spore-fruit resulting from 
the act of fertilization bear a striking resemblance to those 
of ColeochsBtCy the difference being such as may be ac- 
counted for by taking into consideration the aquatic habits 

a 





Fw. 78. 




upon 
toned 
nifled 



Fio. 79. 

eicetatlye hypha, m, ns 
~ to which it is ns- 



few suckers; &« branches 



side view. Mas^ 

Uanoenta, with a 
conidla; c,' separated conidia. Magnified 186 



Fio. 70.— Qrass-blight (Erysiphe communis), a, yegettXiye filaments^ with a 

bearing 
times. 



of the one and the aerial and parasitic or saprophytic habits 
of the other. 

325. In the Blights, which are all parasitic, the jointed 
filaments closely cover the leaves and other tender parts of 
their hosts, and draw nourishment from them by means of 
suckers, which project as irregular outgrowths from the 
side next to the epidermis (Fig. 78). These suckers apply 
themselves closely to the epidermal cells, and, in some 
cases, appear to penetrate them. 
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326. The croBeing and branching filaments soon send ap 
many vertical branches, in which partitions form at regnlar 
intervala. The cells thoe formed are at first oblong and 
oyliDdrical, with flattened ends; but the topmost one soon 
becomes ronnded at its extremities, and the others follow 
in qaick succession, thos giving rise to a row of cells, the 
spores, or conidia (Fig. 76). These fall off and germinate 
at once by poshing ont a tube, which gives rise to a new 
plant. 

927. The sexual process in most species takes place late in 
the season. Two filaments crossing each other or coming 




Tia. SO,— The seiual procen In a Blight (Biysiphe). a, MnCed threada; 6, 
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into close contact swell slightly and send ont from each a 
short branch; one of these becomes the carpogone (c, Fig. 
80). From the swollen part of the other filament a corre- 
sponding branch is given off, which grows up in contact 
with the carpogone and becomes the antherid {b. Fig. 80). 
328. Fertilization at once takes place, by the direct union 
of protoplasm. Eight or ten branches grow ont just below 
the carpogone, and growing upward soon completely cover 
it with a cellular coat which eventually becomes hardened 
. and turns brownish in color, constituting the pericarp of 
the spore-fruit (Fig. 81). 
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829. The carpogone inside of the pericarp gives rise, by 
branching, to ooe or more large cells filled at first with 
granular protoplasm, which soon forms two to eight spores 
(Fig. 82). Upon its outer surface tbe 
spore-fruit develops long filaments 
(known as appendaget), probably for 
holdfasts. Id some genera these ter- 
minate in hooks (Fig. 81); others are 
dichotomously branched; still otherB 
are needle-shaped; while many end 
irregularly. The spore-fruits remain 
during the winter upon the fallen 
I and decaying leaTes, and finally, by 
rupturing, permit the sacs, with the 
[ contained spores, to escape. 

330. Tbe Herbarium -mould (Euro- 
tium) is a near relative of the Blights, It is common on 
poorly dried specimens in the berbarinm, and also on de< 
caying fmite, wood, etc. It sends ap vertical branches, 
which swell at tbe top and bear a great number of small 
protuberances (the »terigmata. A, c, at, Fig. 83), each of 
which produces a chain of conidia. 

331. The sexual organs appear a little later than the 
oonidia. The end of a branch of the plant becomes coiled 
into a hollow spiral (A, as, Fig. 83), which constitutes the 
carpogone. From beiow the spiral an antherid grows up- 
ward, and brings its apex in contact with the upper cells 
of tbe carpogone {B, Fig. 83). 

332. After fertilization, other branches grow up around 
tbe carpogone, and finally completely enclose it, as in the 
BUgbts described above {O, D, Fig. 83). In the mean 
time, from the cells of the enclosed carpogone branches 
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bad oat, and finally produce many eight-spored sacs on 
their extremities; after a time the sacs are dissolved, and 
the Bpore-frnit, now of a eolphur-yellow color, contains a 
mnltitnde of loose spores. 




:«ct hypba, c, beBrJnK at 
the coDidEabsierairen; 



Pia. 8L— EuTDtluTD. A, a portinn of the 
lu top a radiating cliiBl«r of sterlgmata. <(. 
11. youug carpogone— below It a youD(rer I 
fonn BDother carpogone. B. tbe carpogODe, ai. and the antl 
aame beglUDliig lo be wirroiinded by the enTelopIng faranchee 
bom lla baae. U, iporB-trult. Hlgld; laagoifleiL 

PraeUcal 8ludie».-^a) Collect in the autumn a quaoUtj of leaves 
of tbo Ulac wbicli iire covered with a wbltiBli mould-like growth, 
tbe Lllac-blighl (Microsplifera friesii). Scrape off a bit of tbiBBIiglit, 
after ino)Bl«DiDg niLh a drop of alcohol; mount carefully, adding a 
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tittle potmic liydnte. Look for cooidla and suckers {bAustoriaJ 
Look also for epore fruits, wliicb appear like niinute dark dots to the 
naked eye. Carefully cnisb tlie spore-fruits and observe tbe sacs 
(4 to 7) Willi tbeir contained spores (6). Notice tbe beautifully- 
branclied tips of tiie appeudagea. 

{b) Collect and study the bligiits to be fouad on hops (Spheerotbeca 
caslagnei), on clierry- and apple-leaves {Podospbeera tridactyla), on 
hazel- aod iroDWOod-leuves (Phyllactinia suffulta). on willon-leavefl 
(Unclnula adunca) on tenves and fruit of grapes (U. americana). on 
vlld sunflowers vcrbeDas, et«. (Erysipbe lamprocarpa), on peas (B. 
martii) on gmss anemones, buttercups, etc. (E. communis). 

(e) Place a few slips of green twigs in an 
J; iTJ* "^ ordinary plant-press, allowing them to remain 
until they become (1st) mouldy (conidia) slate), 
and (3d) covered witb minute fellow globular 
bodies (the spore- fruits). These are known aa 
the Herbarium -mould (Eurotium Lerbarlonim). 
Study as in case of the blights. 

333. The Tnifflet ( Order TaheracecBj 
are well known front their large under- 
ground spore-fruits, whict are edible. 
Internally there are narrow torttioue 
channela on whose walls sacs develop, 
each contaiiting a number of spores {Fig. 
84). Little is known of their round of 
life, and the sexual organs have not been 
discovered. 

334. The BlueMoalds (species of Peni- 
nre-fruit ciUinm) are members of this order, and 

are in reality minute truffles. The coni- 
dial stage is the common Blue Mould on 
™ *"* decaying fruit and pastry (Fig. 86). The 

aesual organs resemble those of the herbarium-mould, and 
tbe spore-fruit is a minute truffle-like body aa large as a 
coarse sand-grain. 

Practical Sludie».—{a) Truffles are natives of Europe, but tliey may 
be obtained for study in our markets. 




aKca or the spnre-l 
otB. truffle libber 
lanocpoiuni), sboi 




^ 



(b) Blue Uould may be obtained from decaying frutt, ftetij, and 
frequently upon ink. 

33S. The Cop-Fongi and thflir Allies 
(Order SelveUaceoe), — The common 
Cup-fnnguB of the woods is a good ' 
representative of this order. The fa- 
miliar cnp- or saucer-flhaped growth is in 
reality the spore-fruit, while the plant 
itself generally grows underground. 
The plant consists of whitish, jointed 
filaments which grow on or in the 
grpond, drawing their nourishment from 
decaying sticks, roots, etc. 

336, But little is known as to the 
asexual reprodnction, but in some spe- hi;,iv;.'ii.l.b^iriii'w 
cies conidia much like those in the pre- J^'^ iSi'^taSaiwichBin 
ceding orders have been observed. " "**" 

337. The sexnal organs are pro- 
duced by the swelling up of the 
ends of certain of the white filaments 
' of the plant into globular or ovoid 
cells, tbe carpogones, each having a 
projection (trichogyne). From be- 
low each carpogone a slender branch 
grows out, and becomes the antherid 
(Fig. 86). 
F.O 86.-Se.uai organs of ^^^- fertilization takcs place by 
S'"'?e^V»"^r^KSS; tie antherids coming in contact 
ci^T«i*'oi<Sc«r™''Tb"(u^ ^tl" tl"^ trichogyne. As a result, 
frSS'^bet^'ih'^MiTtSSin^ numerous branches start ont from 
below the carpogone, and growing 
upward form a dense felted mass which gradually takes on 
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the eixe and form of the epore-f mit. Some ot the filaments 
of the spore-frait become enlarged into sacs in which spores 
are developed (Fig. 88), while the others make up the sterile 




Fn>. 87. F o S8 

Fio. 8I'.~-I>la«nniiiisUc vertical sectioD of a Cup fungus. Bhovlng position of 
the spore-sacB, 

FiQ. 88.— A tew Bporo aftCB of a Cup- fungus (Peiiia oonTeiulal, in vatioua stages 
ot development, a. vounEeNt, to/! oldest. The slender fllameuls (parapbyses) 
belonglothesteriletlssue. UagnlHed 560 times, 

or protective tissne. The spore-aacs grow so that all reach 
the same height, and make up the inner surface of the cup 
(Fig. 81). 
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Practical Studies, — (a) Search for cup shaped fungi, in the spring, 
about old hot-beds and upon well-rolled barnyard-refuse. The com- 
mon Cup-fungus of an amber color (Peziza vulgaris) often to be met 
with in such localilies is one of the best for the study of spores and 
spore-sacs. Make very thin sections at right angles to the inner sur. 
face. This species may be readily preserved in alcohol for future 
study. 

(p) Collect the bright-red saucer-shaped plants growing in the 
woods upon decaying sticks and having a diameter of 1 to 4 cm. 
Make similar sections. 

{c) Collect a few Morels (Morchella esculenta), and make sections at 
right angles to the surface of the pits which cover its upper portion, 
for spores and spore-sacs. The Morel, which grows in the woods, is 
an amber- or straw-colored fungus 10 to 15 cm. high and having an 
egg-shaped pitted top, 3 to 6 cm. in diameter, borne upon a thick 
stalk, both stalk and top being usually hollow. The whole growth 
above ground (which is edible) is to be regarded as a spore-fruit. 

839. The Black Fimgi {Order Pyrenomycetea). — ^The 
plants of this order are parasitic or saprophytic in habit; 
their tissues are usually hard and somewhat coriaceous, dif- 
fering in this respect from the Cup-fungi, which are generally 
fleshy. In many respects the Black Fungi are much like 
the Cup-fungi, to which they are doubtless closely related. 

340. A good illustration of the plants of this order is 
the Black Knot (Plowrightia morbosa) which attacks the 
plum and cherry. In the spring the parasitic filaments, 
which the previous year penetrated the young bark, mul- 
tiply greatly, and finally break through the bark and form 
a dense tissue. The knot-like mass grows rapidly, and when 
full-sized is usually from two or three to ten or fifteen cen- 
timetres long (.8 or 1.2 to 4. or 6. in.), and from one to three 
centimetres in thickness (.4 to 1.2 in.) ; it is solid and but 
slightly yielding, and is composed of filaments intermin- 
gled with an abnormal development of the bark-tissues of 
the host-plant. 

341, The knot at this time is dark-colored, and has a 



164 



BOTANT. 



velvety appearance, wbich ie due to the fact that its sur- 
face is covered with myriads of short, jointed, vertical fila- 
ments, each of which bears one or more conidia (Fig. 89, 1). 
The oonidia, which fall off readily, are produced nntil the 
latter part of summer, when the filaments which bear them 
shrivel op and disappear. 

342. Daring the latter part of summer spore-sacs are 
produced, but require the greater part of winter to come 
to perfection. The spore-sacs grow in the cavities of mi- 




Pia. SB.— structure ol Black Knot. 1. Slunent* beaiing contdia; t. ttjUt- 
■porefl: 3^ a hollow papilla (per1theciuiii)coDlainliifrspore4acs; 4.flpor«-BacflaDd 
ipores. wtth three slender fllameutB {parephyeea); B, a spore; S, eporea gN'ml. 
Dating. All much magnUIed. 

nnte papillie (perithecia), and are intermingled with slender 
filaments (paraphyses, 3 and 4, Fig, 89), Each epore-sac 
contains eight spores, which eventually escape throngh a 
pore in the top of the sac. These spores germinate by 
sending out a small filament, or sometimes two (Fig. 89, 6). 

343. Besides the perithecia, there are other cavities 
fonnd which much resemble them and contain other sup- 
posed reproductive bodies. 

344. No sexual organs have as yet been observed. 
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Possibly they exist in the dense tissues of the knot, and 
fertilization probably occnrs in the spring or early summer, 
while the conidia are being produced on the surface of the 
young knot. 

345. The parasitic filaments of each year's knot gener- 
ally penetrate downward some centimetres into the unin- 
jured bark, and remain dormant there until the following 
spring, when they begin the growth which results in the 
production of a new knot, as described above. 

346. The Black Fungi include a large number of exceed- 
ingly injurious species; they often attack and destroy not 
only plants, but also insects, upon which their ravages are 
in many cases very great. 

347. To this order belongs the Ergot (a common para- 
site upon heads of rye), and also many of the black growths 
upon the bark and wood of trees. Many species produce 
black spots upon living leaves, while many others occur 
upon dead leaves and twigs. 

PracUeal Studies, — (a) In early summer examine the Choke-cherry 
and Plum trees (wild and cultivated) for the young stages of Black 
Knot. Watch the development until the knot becomes velvety in ap- 
pearance (about midsummer). Now make very thin cross-sections 
of the knot and examine for conidia. 

iP) Late in autumn and in early winter examine the knots on the 
same trees. Note the young perithecia, i.e. hollow papillae. Make 
very thin vertical sections through some of these. No perfect spores 
can be found at this time. 

{c) Collect fresh knots in midwinter and make similar examina- 
tions, when the sacs and spores will be found. 

Note.— The Beveral stages may be readily presenred in alcohol for future 
study. 

848. The Lichens ( Order Idchenes) are among the most 
interesting plants of the vegetable kingdom. They are not 
only often of exceeding beauty, but their structure and 
their mode of life are in novae respects very wonderful, 



They abound almost everywhere — on tree-tranka, rocks, old 
roofs, and in many regions upon the gronnd. They are 
for the most part of a greenish-gray color, and hence are 
often called Gray-moases. Other colors, as black, pnrple, 
yellow, and white, are also common. 

348. They are all of rather small size, varying from a 
millimetre or so to 20 or 30 cm. in length. For the greater 




part the plant-body is flattish, and adherent to the surface 
npon which it grows (A, Fig. 90), bnt some species have 
more or less elongated branching stems (S), 

360. The plant-hody of a lichen is composed of jointed, 
branching, colorless filaments similar to those in the pre- 
ceding orders. They obtain their nouishment from little 
green protophytes, to which they attach themselves parasi- 
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tical)^. These protophytea, which 
live in the midst of the moist tis- 
Bues of the lichens, were until re- 
cently supposed to he parts of the 
lichen itself, and were called go- 
nidia, a term which it ia still con- 
venient to use. A few lichens are 
parasitic in this way upon plants a 
little higher than protopbytes. 

361. The spores of lichens are 
produced in sacs, which are either 
in discs (similar to those of Cup- 
fungi) or in cavities (similar to 
these of the Black Fungi). In 
many common species the spore- 
bearing discs (called apothecia) 
are large and readily seen (Fig. 90, 
A and £), while in others they are 
small and not easily made out. In 
other species the spore-sacs are im- 





Fia. n.— Oooldla or different Uohens. showfng >tt<tclunenc ot the paraaUJa 
fUunentB: aeTersI are tllvldiiif;. All bighlfmagulfled. 

FiQ. «,— A vertical gecllon ot a common Lichen (Phracla BlellarlR) through a 

frulWliBe. Bhowtng spore-saca at th. InieiminKled -"' —— ~ "' " ' 

Titiraes). t; (tonidlsat g.g-:cm.lbe inlerlaclne br 
harder and denseratcr; and ft. Hucb magDifled. 
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merBed in cavities which show only as blaoVtsh lines or 
dots on the surface of the lichen-body^. 

352. The spores germinate by sending out one or more 
tubes which develop directly into the ordinary filaments of 
the lichen-body. Experiments have shown tliat these fila- 
ments witt not grow for any great length of time unless 
tbey can come into contact with a protophyte of the proper 
species to which they can beoome attached. The lichen- 
filaments then grow rapidly and surround the protophytes, 
and in the moist tissues thus formed the latter find protec- 
tion and ample opportunity for growing. There is thus an 




.. ._. ofgelatlno™ , , „ ,-„ 

c. with ita pn^ectlm. d. Md (in S) a carttj (nperaiogone) emltOnR sperm-« .._ 
(8pein]»tl»). Tlie(roniiliBhere(6,6)arespecle8 0f Nostoc Highly iQ»«iilfl«l. 

association between these plants which is mutually bene- 
ficial. The lichen lives parasitically upon the protophytes, 
to which it in return fumisheB shelter and moisture. 

363. We know very little as to the sexual organs of 
lichens, A few years i^o Stahl discovered them in Colle- 
ma, a low form of gelatinous lichens. The carpogone is a 
tightly coiled spiral filament, which sends up a prolonga- 
tion to the surface (Fig. 93, A, c, d). Fertilisation takes 
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place by means of minute cells (sperm-cells, or spermcUia)^ 
which are produced in countless numbers in cavities {sper- 
mogones) in the lichen-body. The sperm-cells come in 
contact with the projecting filament {trichogyne), doubtless 
by means of winds, the result of which is the rapid upward 
growth of filaments which ultimately produce spore-sacs 
and spores in discs, as above descnbed. 

PracUcal Studies,— {a) Collect fruiting specimens of the common 
fruticose liciien shown in Fig. 90, B, which grows upon branches of 
trees in forests. Make thin cross-sections of the stem, mount in alco- 
hol, afterwards adding dihite potassic hydrate. Study the filaments, 
and their relation to the gonida. Isolate some of the gonidia by 
tapping on the cover-glass, and note their resemblance to Green 
81ime. 

{b) Make thin vertical sections through one of the fruiting discs, 
mount as above, and study spore-sacs, spores, and paraphyses. 

(c) Collect some of the small, flat, many-lobed lichens which grow 
on the bark of apple-, maiple-, and oak-trees, and having small blackish 
fruit-discs. Make careful sections of the plant-body through the 
fruit-discs, and study the whole structure, spores, spore-sacs, para- 
physes, filaments, and gonidia. (Compare with Fig. 92.) Here also 
the gonidia closely resemble Green Slime. 

354. The Busts {Order Uredinece) are minute parasitic 
plants, which grow in the tissues of higher plants. Their 
life-history is only imperfectly known; nothing as yet being 
known as to their sexual organs, if indeed they have any. 

366. The common Wheat-rust (Puccinia graminis) may 
be taken as an illustration of the order. It is common 
wherever wheat is grown, and often greatly injures and 
sometimes entirely destroys the crop. Its round of life 
shows four well-marked stages, as follows: (I) In the spring 
clusters of minute yellowish cups break through the tissues 
of the leaves of the Barberry^ These cups are at first 
rounded masses of conidia which develop on the internal 



parasite, and at length buret through the epidermie (Fig. 
94, A and /). The conidia quickly drop out and are car- 




FiQ. M — Wbeat-i'iwt (Puccinia gi'auiiiila). I. a croBB-sectlon at a Borberrr- 

■--"■' . - - - „...i.„. o. a, a. cups oprned and Bheddtne tlieir 

;opeDed; ao, 9p. Hpermogoncg which pro 
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.._ ...'K'lfifTi , ._ 

., .p BBOfBlack-ruKt spores bursting through 

the epidermie, e. ot a leaf. All hlglil; megnifled. 

tied awaj by the winds. This stage is known as the 
cluster-oup stage. 
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3fi6. (n) The conidia ftilliiig upon a wheat-leaf germi- 
nate there and penetrate its tissaes, sending paraaiti<; fila- 
ments into the cells. After a few days, if the weather has 




iiiDK, and pro- 
flpond, ep, Kennl' 
ol genulnatloii of 



Tia. W,— Whrat-niH. A uhI B, a Bteck-ruat spore 

duclug HporidB. tp; C. tnu^ent at n Bari>erry-leM v 
tioUnR and penetrating the epldermi*; D, ahowliiB mi 
Red-rust spare. All highly masnifled. 



been favorable, the parasite has grown sufficiently to begin 
the formation of large reddish spores (stylospores) jnst be- 
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neath the epidermis, which is soon raptured, exposing the 
spores (Fig. 94, 11) in reddish lines or spots upon the leaves 
and stems. This is the Bed-rust stage, so common before 
wheat-harvest. These red spores fall easily, and quickly 
germinate, producing more Red-rust (Fig. 95, 2>), and so 
rapidly increasing the parasite. 

357. (HI) Somewhat later in the season the same para- 
sitic filaments which have been producing Red-rust spores 
begin to produce lines or spots of dark-colored, thick- walled, 
two-celled bodies (teleutospores), the so-called spores of 
the Black-rust (Fig. 94, III). Being thick-walled, 
they endure the winter without injury, and when spring' 
comes (IV) they germinate on the rotting straw and pro- 
duce several minute spores, called sporids (Fig. 95, A and 
B). This is the fourth and last stage of the rust. The 
sporids fall upon Barberry-leaves and germinate (Fig. 95, 
C), giving rise to cluster-cups again. 

These stages are so different in appearance tbat for a long time they 
were regarded as distinct plants, and received different names. Thus 
the first stage was classified as a species of ^cidium, the second as a 
species of Uredo, and the third as a Puccinia. We still preserve 
these names by sometimes calling the spores of the first secidiospores, 
and of the second uredospores, while the third name is retained as 
the scientific name of the genus. 

The sporids cannot ordinarily produce rust directly upon wheat, 
probably because of the toughness of the epidermis; but it has re- 
centlybeen discovered that when sporids germinate upon very young 
leaves of wheat-seedlings, they penetrate the epidermis and then soon 
give rise to a red-rust stage. In such cases the cluster-cup stage is 
omitted. This is no doubt the mode of propagation ^f rust on the 
spring wheat so largely grown in the Mississippi Valley, and also 
upon oats and barley (sown in the spring), which are affected by the 
same species. 

There are many kinds of rusts, distinguished mainly by tlieir te- 
leutospores, which are one-celled (Uromyces and Melampsora), two- 
celled (Puccinia and Gymnosporangium), or many-celled (Phragmidi- 
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um)k In maDy species tbe round of life is like that in Wheat-rust, 
but in others there appears to be a constant omission of certain stages. 
Moreover, in many species all the stages develop upon the same host- 
plant. 

A teleutospore is here regarded as one or more spores contained in 
a thin-walled and tightly fitting spore-sac. It is therefore to be com- 
pared with the spore sacs of the previous orders (Pigs. 88, 89, 92), and 
its simplicity is to be regarded as due to the excessive parasitism of the 
rusts. The Black-rust stage is thus a degraded spore fruit, in which 
the spore-sacs are not compacted into a well-defined fruit-like body. 

Practteal Stitdiei. — (a) Collect specimens of cludter-cups (from bar- 
berry, buttercups, or evening primrose, etc.); examine first under a 
low power without making sections. Note the cups filled with yel- 
lowish or orange conidia (secidiospores). Note spermogones (minute 
dark spots) generally on the opposite side of the leaf. 

(b) Make very thin cross sections through a mass of cups so as to 
obtain vertical sections of the cups and the spermogones. (Compare 
with Fig. 94, A and /.) 

(e) In June and July collect leaves of wheat, oats, or barley, bear- 
ing lines or spots of Red-rust. First examine a few of the spores 
mounted in alcohol, with the subsequent addition of a little potassic 
hydrate. Then make very thin cross-sections through a rust-spot, 
and mount as before, so as to see parasitic filaments in the leaf, bear- 
ing the Red-rust spores upon little stalks. (Compare with Fig. 94, 
//, ur.) 

(d) In July, August, or September collect stems of wheat, oats, or 
barley bearing lines or spots of Black-rust. Study the spores as 
above, and afterwards make sections of the leaf also ^ig. 94, III), 

(e) In early spring collect and examine the Black-rust on wet stems 
of rotting straw. Look for germinating teleutospores and sporids 
(Pig. 95, A and B). 

(/) Examine microscopically the gelatinous prolongations on " ce- 
dar-apples," and observe the teleutospores, which resemble those of 
Wlieat-rust. *' Cedar-apples," which are common in the spring on 
Red-cedar twigs, are in reality species of rust Their cluster-cups 
occur on apple-leaves. 

858. The BmutB {Order WstilaginecB). The plants which 
compose this order are all parasites living in the tissues of 
flowering plants. Like the Rusts, they send their parasitic 
threads through the tissues of their hosts, and afterwards 



174 BOTANY. 

produce spores in great abandance, which burst throagh 
the epidermis. There is a still greater simplicity of strac- 
ture in the plants of the present order than in the Rusts, 
probably due to a greater degradation through excessive 
parasitism. 

359. The parasitic threads of the Smuts are well defined, 
and consist of thick-walled, jointed, and branching fila- 
ments, which are generally of very irregular shape. They 
grow in the intercellular spaces and cell-cavities of their 
hosts, and send out suckers {haustoria)^ which penetrate 
the adjacent cells much as in the Mildews. The para- 
site generally begins its growth when the host-plant is 
quite young, and grows with it, spreading into its branches 
as they form, until it reaches the place of spore-formation. 
In perennial plants the parasite is perennial, reappearing 
year after year upon the same stems, or upon the new 
stems grown from the same roots; in annuals it must ob- 
tain a foothold in the young plants as they grow in the 
spring. 

360. The life-history of the Smuts has not yet been com- 
pletely made out. Two kinds of spores have been observed 
in certain species, but neither the sexual organs (if any 
exist) nor the mode of entrance of any of the species into 
their hosts has yet been discovered. 

361. The Smut of Indian com (Ustilago maidis) is very 
common in autumn. The parasitic filaments are found in 
various parts of the host, and at last those which reach the 
young kernels become semi-gelatinous and form spores in- 
ternally. There is much crowding and distortion of these 
spore-bearing filaments, but here and there their resem- 
blance to spore-sacs is quite evident (Fig. 96). When the 
spores are ripe, the gelatinous walls of the spore-sacs dis- 
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solve and, the watery portions evaporating, leave a dusty 
mass of black apores. 

The apores germinate by sending ont a abort filament 
mnch as in the wheat-mst (Fig. 96, A and 
3), upon which minute eporida are 
formed. The aubaeqaent history of the 
aporids is not known. 

362. Other Smnts, as Grain-smnt or 
Black Blast (Ustilago aegetam) of wbeat, 
oats, and barley, and the Bunt or Stinking- 
emnt (Tilletia tritici) of wheat have a 
Btructore and mode of development close- 
ly reaembling the foregoing. 

ComparJDg the spores of tbe Smuts with those 
of the precediug orders, we here consider them ■« 
Bsc-apores (sacospores). snd the mass of tisBues 

in which thej are produced, as a degraded spore- _ 

fruit. The orderly arrangement of spore-saca bo "f liuHan-com 8 , 

evident in the Cup-fungi is less marked in the ap^j^^' c?' a I^kuI 
more psraaitic Black Fungi; it is acarceiy notice- S^JsJo^fc. "'*°'' 
able in the Ruita, while in the Smuts it has en- 
tirely disappeared. As the parasitism increases the structural degra- 
dation also increases. 




Uet. — (o) Collect several smutted ears of Indian com. 
HouDt a little of the black internal mass in water and obaerre tbe 
spores. 

(6) Make very thin slices of young fresh specimens and examine 
for parasiUc and spore-bearing filaments. The outer tissues ot the 
distorted kemela are generally best. 

(c) Hake similar studies of tlie Gralu-smut, which may be readily 
collected in June or a few days after the "heading" of the grain 
(wheat, oats, or barley). 

ClassIV. hA6miOXYCVrss(thePuff-ballgandFoadgtooh). 

363. The plants of this class are among the largest and 

finest of the fongi. They are mostly saprophytes whose 
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abundant yegetative filaments [mycdium) ramify throngh 
the . nourishing substance, and afterwards give rise to the 
spore-fruit. The spores are produced upon slender out- 
growths from the ends of enlarged cells {basidia)y usually 
arranged parallel to each other so as to form a spore-bearing 
surface {ht/menium), which may be external (in Toadstools) 
or internal (in Puff-balls). Two orders may be readily 
separated in this class, the Gasteromycetes and the Hy- 
menomycetes. 

364. The Puff-Balls ( Order Oasteromyeetes). — The plants 
of this order are saprophytes, whose spore-fruits are often 
of large size and usually more or less globular in form. 
The spores are always borne in the interior of more or less 
regular cavities, and from these they escape by the drying 
and rupture of the surrounding tissues. 

366. The vegetative filaments of Puff-balls penetrate the 
substance of decaying wood, and the soil filled with de- 
caying organic matter. They are colorless and jointed, 
and usually aggregate themselves into cylindrical root-like 
masses. After an extended vegetative period, the fila- 
ments produce upon their root-like portions small rounded 
bodies, the young spore-fruits, which increase rapidly in 
size and assume the forms characteristic of the different 
genera. 

366. No sexual organs have yet been discovered, but 
analogy points to their probable existence upon the vege- 
tative filaments just previous to the first appearance of the 
spore-fruits. The spore-fruits are composed of interlaced 
filaments loosely arranged^n the interior, and an external 
more compact limitary tissue forming a rind (peridium). 

367. The Puff-balls proper belong to the genus Lyco- 
perdon, of which there are a gr>od many species, the most 
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striking being the Giant Puff-ball (L. gigantenm), whose 
spore-fruit sometimes is 30 cm. or more (one foot) in diam- 
eter. The proper plant, that is, the vegetative 
portion, lives underground, obtaining its food 
from decaying vegetable matter. The great 
ball is a spore-fruit composed of innumerable 
filaments whose swollen extremities (basidia) 
bear spores (basidiospores). ^^ ^ _ 

368. There are other genera, as the Earth- Funis^cya- 
stars (Geaster), whose outer coat splits into a ISSf/^Natu- 
star- shaped form, the curious little Bird's-nest "* 
Fungus (Crucibulumand Cyathus, Fig. 97), fetid Stink-horn 
(Phallus), etc. 

Prcustieal Studies. — {a) Collect specimens of puff-balls in various 
stages of growth. Make very thin sections of the young spore-fruit, 
and look for the cavities lined with spore-bearing cells (basidia). 

iff) Mount in alcohol some of tiie dust which escapes from a dry 
puff-ball. Examine with a high power, and note the spores and frag- 
ments of brpken-up filaments. 

(c) Dig up the earth under a cluster of young puff-balls, and ob- 
serve the vegetative filaments. Examine some of these filaments 
under the microscope. 

369. The Toadstools {Order Hymenomycetes). — ^These 
plants are doubtless to be regarded as the highest of the 
chlorophyll-less Carpophytes. They are not only of consid- 
erable size (ranging from one to twenty centimetres, or 
more, in height), but their structural complexity is so much 
greater than that of the other orders that they must bo 
regarded as the highest of the fungi. Like the Puff-balls, 
they produce an abundance of vegetative filaments (myce- 
lium) underground or in the substance of decaying wood. 
These filaments are loosely interwoven, becoming in some 
cases densely felted into tough masses or compacted into 



root-like forms (Fig. 98, A, tr^. Sooner or later these nn- 
dergroand filitmentH produce tbe spore froits, which ore 




Yia. 98.— Derelopment uid Mnictare of a Toadstool. A, vegetsttva fllaments 
produciDE young apore-fniiM; /. //, UI, IV, C. Beettons o( successive surss or 
Bpore-fralls, from very young to maturity; I, the gilla; v. veil: ''/. magnlBed 
Bectlon ofaglll.sliowiDg layer of spore-bearing cells, hy; I'll, (really maguiOed 
section of part oC a g:iU, gbowiug: layer uf gpore-beariug cells, nithapores of di(- 



mostly nmbrella-ahaped, aa in common Toadstools and 
Mushrooms, or of various more or leaa irregular shapes, as 
in the Ear-fungi, Club-fungi, etc. 
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870. The Mushroom (Agaricus campestris) so commonly 
cultivated may be taken to illustrate the mode of develop- 
ment of the Toadstools. The vegetative filaments com- 
pose the so-called " spawn" which grows through the de- 
caying matter from which it derives its nourishment. Upon 
this at length little rounded masses of filaments arise, which 
become larger and larger and gradually assume the size 
and shape of the mature spore-fruit, the Mushroom of the 
markets. 

371. At maturity the spore-fruit of the Mushroom con- 
sists of a short thick stalk, bearing an expanded umbrella- 
shaped cap, beneath which are many thin radiating plates, 
the gills. Each gill is a mass of filaments whose enlarged 
end-cells (basidia) come to, and completely cover, both of 
its surfaces (Fig. 98, FT and VII). The basidia produce 
spores in the usual manner for plants of this class, that is, 
upon slender stalks. 

372. In the Pore-fungi (Polyporus) the spore-bearing 
cells line the sides of pores; in the Prickly Fungi (Hydnum) 
they cover the surface of spines; while in the £ar-fungi 
(Stereum, etc.) they form a smooth surface. 

373. But little is known as to the sexual organs. Several 
botanists have described such supposed organs upon the 
vegetative filaments before the formation of the spore- 
fruit, but there are still some doubts as to the correctness 
of the observations. 

374. The vegetative filaments (mycelium) of some species 
of this order (as Polyporus fomentarius, etc.) often form 
thick, tough, whitish masses of considerable extent in 
trees and logs, and constitute the Amadou, or German tin- 
der of the shops. 

376. We know but little as to the germination of the 
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spores wid the sabsequent development of the Tegetative 
filaments. 

PracUcal Studie»,^a) Collect a few toadstools in various stages 
of development, securing at the same time some of the subterranean 
vegetative filaments. Note the appearance of the youn^^ spore- 
fruits, and how they develop into the mature toadstool. 

{b) Select a mature (but not old) spore-fruit with dark-colored 
spores, cut away the stem, and place the top (pileus) on a sheet of 
white paper, with the gills down. In a few hours many spores will 
be found to have dropped from the gills upon the paper. 

(c) Examine the minute structure of various parts of the spore- 
fruit and the vegetative filaments, and observe that they are com- 
posed of rows of cylindrical colorless cells joined end to end. 

(d) Make very thin cross-sections of several of the gills and care- 
fully mount in water or alcohol. Note the layer of spore-bearing 
cells (bymenium), with spores borne upon little stalks, as in Fig. 98, 
VI and VIL 

Class Y. Chabaoejb {the Stoneworts), 

376. The plants of this class are small green aquatics 
with jointed stems bearing whorls of leaves (Fig. 99). Both 
stems and leaves are very simple, being often no more than 
a row of cells, but sometimes a cylindrical mass of cells. 
The sexual organs occur upon the leaves. They consist of 
an ovoid carpogone and a globular antherid, which are 
barely visible to the naked eye. 

377. The carpogone (Fig. 100, a) is a single cell, as in 
ColeochaBte (p. 150), which soon becomes covered by the 
growth of a layer of cells from below. This covering, 
which here develops before f ertilissation, is homologous with 
the protective covering which in ColeochsBte, Red Sea- 
weeds, Blights, etc., forms i0er fertilization has taken 
place. 

378. The antherids (Fig. 100, a) are globular many-celled 
bodies, in the interior of which certain cells produce an- 
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therozoids. Each antheroEoid is a loDg spiral tbread of 
protoplasm, provided with two long cilia at one end, by 
means of which they swim rapidly throngb the water. 




Fia. ».— A Btonewort (Chani crlnlUt). One haU the nstunl siie. (From Allen.) 

379. Fertilization takes place by the antherozoids swim- 
ming down the opening at the top of the covering cells 
(Fig. 100, e). The carpogone and its covering n 
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thicker*walled and constitute the proper spore-fruit. The 
latter soon drops off and falls to the bottom of the water, 
where it remains at rest for a time. 

380. The spore-fruit of the Stoneworts contains, thus, 
but one spore. This in germination sends out a jointed 
filament, which eventually gives rise to a branching plant 
again (Fig. 99). 

381. Two orders {NiteUem and Chareai) may be sepa- 
rated in this class. The principal genus of the first is Ni- 
tella, and of the latter Chara; each contains a dozen or 
more widely distributed species in this country. 

PractictU Studies. — (a) Search the sandy margins of ponds, lakes, 
and slow streams for Stoneworts. They are generally found in water 
from a few centimetres to one or two metres in depth. Preserve 
such specimens temporarily in water which is frequently changed, 
but for future use preserve in alcohol. 

(b) Mount carefully a cousitierable portion of a plant, and examine 
its structure under a low power. Note that in some species the stem 
(and leaves) is composed of a row of large cells surrounded by a coat 
of smaller ones. Look for the rapid movement of protoplasm which 
is so marked in these plants. 

(e) Mount several spore-fruits in various stages of development. 
Note the covering layer of spirally coiled cells surrounding the car- 
pogone (in young specimens) or the spore (in older specimens). 

(d) Mount several full grown antherids. Carefully crush them and 
1 jok for autherozoids, which are produced in chains of cells. 



CHAPTER XL 
BRANCH V. BRYOPHYTA. 

THE M088W0ET8. 

382. This Branch includes plants of much greater com- 
plexity than any of the preceding. In very many cases 
they have distinct stems and leaves, whose tissues often 
show a differentiation into several varieties. In the sexual 
organs the cell to be fertilized (the germ-cell) is from the 
first enclosed in a protective layer of cells, and after fer- 
tilization it develops into a complex spore-fruit. 

383. Mossworts are all chlorophyll-bearing plants, and 
none are parasitic or saprophytic. They are of small size, 
rarely exceeding ten or fifteen centimetres in height. They 
generally prefer moist situations upon the ground, or on 
the sides of trees or rocks. A few are aquatic. 

384. Two classes of Bryophytes may be distinguished, as 
follows: 

1. Mostly thalloid creeping plants with splitting spore-fruits, and 

having elaters HspATiCiB. Liverworts. 

2. Leafy stems, mostly erect, with spore-fruit opening by a lid, and 

having no elaters Musci. Mosses. 

Class I. Hepatic^ {the Liverworts). 

385. In the Liverworts, the plant-body is for the most 
part either a true thallus or a thalloid structure. When 
there is a differentiation into stem and leaves, in most eases 
the plant-body has two distinct and well-marked surfaces, 
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an upper and an onder one, the latter bearing the root- 
bain (rluEoids), by means of which the plant is fixed to 
the ground. In thia class breathing-poreB are found for 
the first time in the vegetable kingdom. They are of very 
simple structure (Fig. 101). 

386. The leaves, when present, are usually in two rows 
(sometimes three), and are either oppo^te or alternate. 
The tissues of the plant-body show a little differentiation; 





Fifl. 101.— r, ■ ChaUoid LlTenrort; SujdCshowiDgbud-auiH, uatunlsln: D, 
eDl>rg:ed to show brealhing-pores. II, a leafr-stammei] Uveivort; a, unrlpa. 
And b, ripened uid Hpllt^spore-fniiL 

the leaves, however, have no midrib or other veins, and 
consist of a single layer of cells. Tbe development of the 
stem is always from a single apical cell, which repeatedly 
divides. 

887. The asexual reproduction of Liverworts takes place 
by means of peculiar bodies, the buds (or gemmee) so fre- 
quently to be seen in the Common Liverwort (Marchantia 
polymorpha). In the latter plant they are little stf^ked 
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maflses of cells in small cnpB 4 to 6 Biillimettes (^ inch) in 
diameter (3 and O, Fig, 101). Tbey ore in feality haim 
(iriobomea) vhose upper cells haTe repeatedly divided so 
aa to form flattish masses. When these fall off they grow 
dlreotly into nev plants. 

888. The antherids of Liverworts are more or less glofan- 
lar, stalked bodies (Fig. 102, 0'), nsoally immersed in little 
depressions in the plant-body. They are to be regarded as 
hairs (trichomes) whose end cells have become greatly in- 
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creased in number. There is an outer layer of cells sur- 
rounding a great number of interior thin-walled cells, the 
sperm-cells, each of which contains an antherozoid. 

In the Common Liverwort (Marchantia polymorpha) the 
antherids are produced in the broadly expanded discs of 
Special branches (Fig. 102, A). The antberozoids are spiral 
threads of protoplasm, each provided with two cilia (Fig. 
102, D). 

389. The female organ of Iiiverworts is called an arche- 



gottiam, or aroh^one. It bears some resemblance to the 
oorreBponding oigan in the Stoneworts (p. 161), and, like 
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it, has an internal cell (the germ-cell) to be fertilized, sur- 
rotmded hj aq envelope of protectiye cells (Fig. 103, J- F). 
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The arohegoneB of the common Liverwort ftre clustered 
npon special braQches, a few centimetres in height. These 
branches expand into lobed discs at the top, and beneath 
theee the archegones appear. They grow out as trichomea, 
and finally consist of a ronnded cell (germ-cell) enclosed 
in a flask-flh&ped vessel (Fig. 103). 

3S0. Fertilization takes place in vet weather by the 
antherozoids swimming to and down the open neck of the 
arch^one. As a consequence, the germ-cell begins divid- 
ing, and finally develops into a spore-fmit containing many 
spores, intermixed with spiral threads called elatera. The 
use of the latter appears to be to aid in the dispersion of 
the spores (Fig, 103, X). 

391. In most cases the spore-fraits split open to permit 
the escape of the spores, which soon germinate and pro- 
duce a tballoid mass; this develops directly into a new 
plant in the lower forma, and in the higher soon begins the 
development of a stem and leaves. 

392. There are four or five orders of Liverworts, includ- 
ing (!) the Crystalworts (Order Bicci- 

acese), which are terrestrial or aqnatic 
thslloid plants; (2) the Homed Liver- 
worts (Order Anthocerotese), which are 
terrestrial tballoid plants with slender 
spore-fmits {Fig. 104); (3) the Liver- 
worts proper (Order Marchantiaoefe), 
terrestrial thalloid plants, including the i 
Common Liverwort (Marchantia poly- 
morpha) and the Great Liverwort (Co- 
nocephalus conicua), both large, flat, branching plants grow- 
ing in moist places about springs, brooks, ditches, etc.; (4) 
the Scale-mosses (Order Jungermanniaceie, Fig. 101, //)> 
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mostly leafy creeping plants growing on moist earth, rock8» 
and tree-trunks. 

I^^aeUedl 8tudie», — (a) Collect specimeiis of the Oommon LiTorwort, 
which may be found in fruit in midsummer. Note that one plant 
produces the male bmnches, which have flat discs, and another pro- 
duces the female branches, which have lobed discs. Note the bud- 
cups, with contained buds (gemmae). 

(b) Examine the upper surface of a plant with a low power of the 
microscope, and note tlie round breathing-pores. Next strip off some 
of the epidermis, mount in alcohol, and study with high power. 

(c) Make longitudinal sections of the plant through its thickened 
central rib, and observe the elongated cells, which foreshadow fibro- 
vascular bundles. 

(if) Make vertical sections of the male disc, mount in water, and 
study the antherids (Fig. 102, (7). By repeated trials, antherozoida 
may be seen. 

(e) Make similar sections of the female disc, and study archegones. 
By taking older specimens, the spore-fruits, spores, and elaters may be 
studie(^ For the latter, mount in alcohol and afterwards add a little 
potassic hydrate. 

(/) Examine the bark of trees for small brownish Scalemosses.. 
Mount a bit of one in alcohol, afterwards adding potassic hydrate^ 
and study as a specimen of a leafy Liverwort In the spring tbo 
minute splitting spore-fruits may readily be found. 

Class II. Mnsci {the Mosses). 

393. The adult plant-body in this class is always a leafy 
stem, which is rarely bilateral. It is fixed to the soil or 
other support by root-hairs (rhizoids) which grow out from 
the sides of the stem, but there are no true roots. The 
leaves are usually composed of a single layer of cells, and 
sometimes have a midrib. 

394. The tissues of the Mosses present a considerable 
advance upon those of the Liverworts. In the stem there 
is frequently a bundle of very narrow thin-walled cells,, 
which in some species become considerably thickened. In 
a few cases there have been observed bundles of thin-walled 
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uells extending from the leaves to the handle in the Btem. 
It cannot he doubted, then, that the Moesee possesa rudi- 
mentary fibro-vascular bundles. As in liverworts, the tis- 
sues of mosses develop from a single apical cell. Breathing- 
pores resembling those of the higher plants occur on the 
spore-fruits; they are not found upon the leaves or stems. 

SOS. Mosses, for the most part, groT upon moist earth 
or rocks, or upon the sides of trees; 
comparatively few are aquatic 
They range in size from less than a 
millimetre to many centimetres in 
length, the most common height 
being from two to four centimetres. 
They are all chlorophyll-bearing 
plants, and are generally of a bright- 
green color; occasionally, however, 
they are whitish or brownish. 

396. The reproduction of mosses 
is. mainly sexual, bnt occasionally 
huds are found resembling those of 
the liverworts. The sexoal organs 
develop either upon the end of the 
stem, within flower-like rosettes of 
leaves, or in tbe axils of the leaves. 

The antherids are cluh-sbaped or 
globose trichomes (Fig. 105), whose 
interior cells (sperm-cells) produce 




mature, escape from tbe antherid ' ° " 
through a rent in its wall. Each sperm-cell contains one 
spirally coiled antherozoid, which, when set free, swims by 
means of its two long cilia (Fig. 105, c). 
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897. The archegones are eloDgated flask-shaped bodies 
with a sweUing base and a long, slender neck. At ma- 
turity the neck has an open channel from its apex to the 
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base, where there is a rounded germ-cell (Fig. 106). Id 
some mosses the antherids and archegones are intermixed 
in the same "flower," but in other cases they occur upon 
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different parts of the same plant (monoecious) or even 
upon different plants (dioecioas). 

398. The act of fertilization requires water; but as the 
antherozoids are so minute, a dew-drop may be sufficient. 
The antherozoids swim to the open neck of the archegone, 
down which they pass to the germ-cell. The germ-cell 
now begins to divide rapidly, growing upward and eventu- 
ally forming the spore-fruit. In most mosses the spore- 
fruit is narrow and elongated below, forming a stalk which 
supports its upper spore-bearing part (the capsule or spore- 
case). 

899. The spbre-case, when ripe, usually opens by a lid 
which falls off, leaving a round opening, generally fringed 
with many teeth (Fig. 106, Q and J7). In most species, as the 
spore-fruit elongates it carries up the remains of the dis- 
tended archegone as a little cap (calyptra) (Fig. 106, Ey e). 

400. The spores, which are round or angular cells con- 
taining protoplasm, chlorophyll-granules, oil-drops, etc., 
germinate quickly upon moist soil. Each spore protrudes 
a tubular filament, which develops into a conferva-Iike 
branching growth of green cells, called the protonema (Fig. 
107). Upon this there finally are produced buds from 
which spring up the leafy stems, thus completing the round 
of life. 

401. There are four orders of Mosses, as follows: (1) the 
Peat-mosses (Order Sphagnaceae), composed of large, soft, 
and usually pale -colored plants, with clustered lateral 
branches; they inhabit bogs and swampy places, where 
they form dense moist cushions, often of great extent. On 
account of peculiarities in the structure of their leaves they 
are enabled to absorb and hold large quantities of water, 
and for this reason they are extensively used for "packing". 
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in the tnmsporuUon of living plants. They all belong to 
the genus Sphagnum. (2) Order Andneaces, oompoud of 
A fev smalt and rare mosses. (3) Order Phascaoee, small 
mosses with bat little development of a leafy stem, and a 
persistent protoneroa. 

402. (4) The True Mosses (Order Bryacen) inclade the 
great majority of the mosses of the country. They are 
usually brigbt-green (in a fev geni^tt brownish), and in 
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most instances live upon moist ground and rocks, or upon 
the bark of trees; in a comparatively small number of 
cases the species live in the water. They are nndonbtedly 
the bigheat of the class, and show a greater differentiation 
of tissues than any of the preceding orders. Among the 
more common mosses are species of Dicranum, Fissi- 
dens, Polytrichum, including the well-known Hair-oap 
Moss (P. commune), Timmia, Bryum (Fig. 106, G and H), 
Mnium, Funaria (F. bygrometrica, Figs. 105, 106, ^ to J^ 
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and 107); l^ontmalis, large floating mosses, common in 
brooks and rivulets; Cjlindrothecium; Climacium (C. 
americanum is a large tree-shaped moss); Hypnum, the 
hog-mosses, etc. 

Practical Studies. — (a) Collect several kinds of moss^es in fruit: some 
Of these should be of large species. Note the brownish root-hairs, 
the stem and leaves, the spore-fruit composed of a slender stalk bear- 
ing a spore-case, the latter in some species covered by a membranous 
or hairy cap (calyptra). 

(6) Select a broad-leaved species. Mount a single leaf in water, 
and examine with a low power. Note that the leaf is (generally) a 
single layer of cells, and that the midrib (if present) is composed of 
elongated cells. Make cross and longitudinal sections of stems of 
the larger species, and note that some of the cells are elongated and 
fibre-like. 

(c) Place a spore-case under the microscope and examine with a 
low power, noting the lid (Fig. 106, O). Now remove the lid and 
observe the teeth (Fig. 106, H). The teeth may be studied still better 
by splitting the spore-case from base to apex and then mounting in 
alcohol, and afterwards adding potassic hydrate. In this specimen 
.spores may be studied also. 

(d) Split a young spore-case and examine the external surface of 
ithe lower part for breatliing-pores. 

(e) Collect a number of mosses not in fruit, showing at the apex of 
itheir stems little cup-shaped whorls of leaves. Make several vertical 
rsections of one of these cups, and mount in water. Examine for 
Antherids and archegones (Figs. 105 and 106). Antherozoids may 
sometimes be seen with a high power. 

(f) The first stage (protonema) of a moss may be found by scrap- 
ing off some of the greenish growth from a wall or cliff where young 
mosses are just springing up. By mounting some of this in water 
and washing away the dirt the branching green growth may generally 
be seen. 



CHAPTER Xn. 

BRANCH VI. PTEBIDOPHYTA. 

THE FERNW0RT8, 

» 

403. The Femworts are for the most part leafy-stemmed, 
root-bearing plants of considerable size, whose leaves bear 
spores. All are chlorophyll-bearing, and they are mostly 
terrestrial in habit, comparatively few being aquatic. 

404. Their tissues show a high degree of development. 
The epidermis is distinct, and contains breathing-pores sim- 
ilar in form and position to those of the flowering plants. 
The fibro-vascular bundles are generally of the concentric 
type, although collateral and radial bundles occur also. 
The bundles generally possess tracheary and sieve tissues; 
the former is usually well developed, but the latter not. 
Fibrous tissue occurs only to a limited extent within the 
bundles, but it is common in the stems as thick strength- 
ening masses. These tissues generally develop from a 
single cell at the apex of the stem, but in the higher orders 
there are groups of apical cells, as in the flowering plants. 

405. The round of life of a fernwort shows a curious al- 
ternation of generations. When a spore of a fernwort 
germinates, it produces a small, flat, green liverwort-like 
plant upon which sexual organs arise. This is the first 
stage, or sexual generation. After fertilization has taken 
place in the sexual organs, a leafy-stemmed, long-lived 
plant is produced directly. This is the second stage, or 
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asezaal generation, and upon it the spores are produced 
from which new individuals of the first generation may be 
developed. 

406. The first stage (called the prothallium) is composed 
throughout of a few layers of soft tissue (parenchyma) 
richly supplied with chlorophyll. From its under surface 
root-hairs grow out into the soil. The sexual organs re- 
semble those of the liverworts, and are antherids (producing 
antherozoids)^ and archegones. They are generally pro- 
duced upon the under side of the plant, and project slightly 
from the surface. 

407. The fernworts are divisible into three classes, viz,: 

1. Steins hollow, jointed; leaves small. Equisbtikjs. Horsetails. 

2. Stems solid; leaves mostly broad. \Filicin^. Ferns. 

3. Stems solid; leaves small or narrov^. LYCOPODiNiB. Lycopods. 

Class I. Equisetin^ {the fforsetaiU). 

408. In the plants of this class the plant-body consists of 
a hollow elongated and jointed stem, bearing whorls of 
narrow united leaves, which form close sheaths («, Fig. 
108); the stem is grooved, and is usually rough and hard 
from the large amount of silica deposited in the epidermis. 

409.* The branches, when present, are in whorls. Both 
the main axis and the branches are in most cases richly 
supplied with chlorophyll-bearing tissue; in some of the 
species the stems which bear the spores are destitute of 
chlorophylL All the species have underground stems, 
which bear roots and rudimentary sheaths, and which each 
year send up the vegetating and spore-bearing stems. 

410. The Horsetails are perennial plants. In some species 
thQ underground portions only persist^ the aerial stems 
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djdng at the end of each year: these are called the anntial 
stemmed species. In other species the aerial stems also 
persist; the latter are hence known as perennial-stemmed. 

411. The epidermal cells 
are mostly narrow and elon- 
gated. The breathing-pores, 
which are present in all the 
chlorophyll-bearing parts of 
the plant, are arranged with 
more or less regularity in 
longitndiual rows ; on the 
stem they occur in the chan- 
nels betveen the numerous 
ridges. 





FlQ. 108. 

Fib. 108— Part ol a gresn stem of the On-at 
jjtowing its rtruoturn; and a wborl of united 

Tio. m.—A. pari of an old codb of the Great HorseUll. sbowiDg throe aepa- 
™™i?ili" . . ahleld^haped luTea; B. three Bhieldidtaped leaiea. BUshtly 



magnlOed; i 



Btalk, and (, expanded part'or leaf; i 



412, The fibro-rascular bundles of the stem are disposed 
in a circle, and run parallel with each other from node to 
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node, There they join with one another. They contain 
tracheary, sieve, and fibrons tieenes, arranged somewhat as 
they are in the bundles of flowering plants. 

413. The spores of Horsetails are prodaced in oones at 
the summit of the stems. The cones are composed of 
crowded whorls of shield-shaped leaves, each of which 




Tin. IIO.— Sexoal orEans of HoraelaU. A, CMtloiis of t\ 

ToniWi uid an, mature, with eacapbigsperm-oell*. £,MOtiooi>(aT 
showing the germ-cell below. Highly magalOed. 

bears upon ita under enrface five to ten spore-cases {Fig. 
109, S). The spores are spherical, and at maturity the 
onter wall splits spirally into four narrow filaments {elaUrt) 
which unroll when dry, and roll up around the spore again 
when moistened. Their oflice seems to be to aid in setting 
the spores free from the spore-oases. 
414. The spores germinate soon after falling upon water 
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or moiBt earth, enlarging and spcoessiyely diyiding untU a 
flattish irregular plant (the first stage, or prothalliom) a 
few millimetres in breadth is prodaced. This stage is 
short-lived. It bears sexual organs upon its edges or lobes; 
in some cases both kinds of organs are on the same plant, 
while very commonly they are upon separate plants. 

415. The antherids consist of one or more cells, sur- 
rounded by a layer of cells. The inner cells divide inter- 
nally into many sperm-cells, each of which contains a large 
spirally twisted antherozoid. 

416. The archegones are flask-shaped organs sunken into 
the tissues of the plant. At maturity the neck is open 
down to the roundish germ-cell. Fertilization takes place 
in water, the antherozoids swimming by means of their 
many cilia to and down the neck of the archegone, where 
they unite with the germ-cell. 

417. After fertilization the germ-cell begins to divide 
again and again, soon giving rise to a new plant of the 
second stage. The latter is at first a small and quite sim- 
ple stem with minute leaves, but the successive joints be- 
come larger and larger until full size is reached. At the 
same time roots develop which push downwards into the 
soil, absorbing moisture and nutritious solutions. 

This class contains but one order (Equisetacese) of living plants, 
including a single genus and twenty. five species. Among the more 
well known are the Common Horsetail (Equisetum arvense), which 
sends up short-lived, pale or brownish cone-bearing stems in spring, 
and profusely branching green stems in summer (£. telmateia, the 
Great Horsetail of Europe and our own Northwestern region, re- 
sembles, but is larger than, the Common Horsetail); the Woodland 
Horsetail (E. sylvaticum), whose green cone-bearing stems branch 
profusely after fruiting, and persist all summer; and the Scouring 
Rush, called also Dutcli Rush (E. hiemale), with harsh green branch- 
less stents which produce cones, uud survive the winter. 
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In ancient geological times the Calamites and their allies consti- 
tuted a distinct order (Calamariese) of tree like plants f metre in thick- 
ness and ten metres in height. 

PraeUcal Studies. — (a) Collect in early spring a number of cone- 
liearing stems of the Common Horsetail. Note the joints (nodes), 
bearing whorls of united flat leaves, and the cone, composed of whorls 
of shield-shaped leaves. Split the couc and stem and note that the 
latter is hollow, with closed nodes. 

(J>) Carefully dissect out a single shield shaped leaf from the cone, 
and examine it, using a low power. Note the sac shaped spore-cases 
upon the under side of the leaf. Mount some of the spores dry, using 
no cover-glass, and examine with the i-inch objective. Breathe upon 
the spores very gently to moisten them, and notice the coiling of the 
elaters; observe the quick uncoiling which takes place upon the 
evaporation of the moisture. 

(c) Sow a quantity of the fresh spores upon moist earth or porous 
pottery, covering with a bell-jar and taking every precaution to secure 
constant moisture. The spores will begin to germinate in a few days, 
when studies of successive stages of growth may be taken up. By 
care the mature plants of the first stage (prothallia) may be grown, 
and the antherids and archegoues studied. 

(d) Make very thin cross-sections of the stem of the Common Horse- 
tail. Note the position of the fibro-vascular bundles. Now make 
vertical sections of the bundles and study the tissues, using high 
powers. 

(e) Study the breathing-pores on the green stems of the Common 
Horsetail. Compare these with those of the Scouring Rush. Study 
also the disposition of the chlorophyll-bearing tissue in cross-sections 
of both stems. 

(/) Examine underground stems of Horsetails, and compare the 
structure with that of the aerial stems. Make cross-sections of the 
roots which are attached to these underground stems. 

Class IL Filicinjb (tJie Ferns). 

418. Here the plant-body consists of a solid stem, bearing 
roots and broadly expanded leaver, the latter nsually long- 
stalked. The stems are mostly horizontal and under- 
ground, but in some cases they rise to a considerable height 
vertically in the air. 
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419. The lesres are in nearly all cases supplied with 
fibro-Taacular bundles, which ran as veins through the soft 
tissue; there is usually a prominent midrib, npon each side 
of which are small veins, which axe free (i.e., running more 
or leaa parallel from the midrib to the margin) or reiicur 
lated. Some or all of the leavee at maturit; bear spore- 
cases containing spores. 

420. The ferns are all richly supplied with chlorophyll, 
and none are in any degree parasitic. Nearly all the species 




Tia. Ill,— 4 the first stage of a Fem. underside; b. root-halra; (..., , 

ar. orcheKonee. B.lhti amae alter rert[li«iUon. showing [be srowtb of tbe tem- 
let; b,lt8l«til; V', lie flrat root. IiIs«iiMed a few tlm««. 

are perennial; in some cases, however, dying down to the 
ground at the end of the summer, the underground por- 
tions alone surviving the winter. 

421. The first stage in the ferns is frequently somewhat 
heart-shaped, and is generally provided with root-hairs on 
its under surface, by means of which it secures nourishment 
for its independent growth (Fig. Ill, A). In the Pepper- 
worts the first stage is so reduced as to be only a small 
outgrowth of the germinating spore. 
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422. The antherids and archegoneB resemble those of the 
Horsetails; however, in the highest order (Pepperworts) 
the antherids become greatly reduced. 

423, The terna are olaseified mainly upon the stractnre 




Fio. IIS,— A common Fern (Poljpodlum vulgsre) showlnK the luxlergnninil 
rODt-bearlDK Btera, Mid the leaves, one with round Bparenlote ou its lower but- 



of their spore-bearing parts. Four orders may thoe be 
separated. 

424. Tie Tme Tenw (Order I^yices) include very nearly 
ill the common fem-like plants of onr woodUinde and hiB* 
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ndn. They are among the most beaatifnl of our land- 
pUnta, and their leaves fonuBli examples of a gracef olnesa 
of bearing and ontline scarcely excelled in the vegetable 
kingdom. In temperate climates feme are faerbaceoiu, bat 
in the tropics many possess a perennial woody stem which 
bears a crown of leaves apoD its sommiL 

42S. The tissues of the Tme Feme are well developed. 
The epidermis resembles that of the flowering plants. 




_, n(spor»4ota. or Bori) ot varloua Ferns. A, round 

•od nak«d (Polnwdlum)-. B. rouDd and Dorcred (Aspidluin): C, elongated and 
covered lABplenruiD I: i>^IoiigM«d. and corered byioldlna of (lu ' — •'•-" — 
. . •• .«.* i-n. Teriiig Is known u the Indudiuu.) 
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Complicated fibro-vascnlar bundles run through the stems 
and extend into the leaves, where they branch extensively, 
forming the delicate veins which are so characteristic ,of 
fero-leavee. 

426. The young leaves before expanding are coiled or 
rolled, so that as they grow up and open they unroll from 
below upwards (i.e., circinately). Upon the lower surface 
of Home of the leaves little clusters of club-shaped hmrs 
(trichomea) grow out, generally in connection with a fibro- 
rascular bundle. The internal cells of the larger end of 
these hairs undergo subdivision, and thus give rise to a 
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number of spores. The hairs are thus spore-cases. In 
some ferns these clusters of spore-cases are naked (Fig. 113, 
-4)j while in others they are covered by a special outgrowth 
of the epidermis (Fig. 113, -B, (7), or by a folding of a 
part of the leaf (Fig. 113, 2>), etc. 

427. The mature spore-case in most common ferns has a 
ring of thicker cells extending around it. When these 
become dry, they contract in such a way as to break open 
the spore-case and thus set the spores free. 

428. The spores soon germinate, upon moist earth. The 
first stage thus produced is generally a little heart-shaped, 
flat, green plant, adhering closely to the earth by its root- 
hairs. After some weeks or months little " seedling'' ferns 
may be found, with one or two minute leaves. Under 
favorable conditions every such f emlet will give rise to a 
stroiig and long-lived fern. 

Among our common ferns are the Common Polypody (Polypodium 
vulgare. Pig. 113), the Golden Fern (Gymnogramme triangularis) of 
California, the Maidenhair of the North (Adiantum pedatum) and of 
the South (A. capillus-yeneris), the Common Brake (Pteris aquilina), 
the Spleenworts (Asplenium) of many species, the Shield-ferns (Aspi- 
dium), also of many species, the curious little Walking-leaf (Campto- 
sorus rhizophyllus), the Bladder-fern (Cystopteris fragilis), the large 
Ostrich-fern (Onoclea stnithiopteris), the Flowering Ferns (Osmun- 
da) of several species, and, most heautiful of all, the Climbing Fern 
(Lygodium palmatum) of the Appalachian region. 

In the Coal Period the ferns were much more numerous than at 
the present. Many families which flourished then are now extinct. 
The ferns of that period were often tree-like and of large size. 

429. The Bingless Ferns ( Order Marattiaceae) constitute 
an interesting transitional group^ all exotics. Some are 
cultivated in fern-houses. 

430. The Adder-Tongues (OrcJier Ophioglossaceoe) include 
a few species of fern-like plants, which differ from the true 
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ferns mMnly in the mode of development of tbe lai^e Hog- 
less spore-caaes, and in the leaves being Btraight or folded 
(Dot rolled) before expansion. The first stage is mnoh 




PTERIDOPUYTA. 206 

smaller than it is in the true f ems, indicating a tendency 
towards its disappearance. 

Two genera, Ophioglossuin, Adder-tongues proper, and Botrychi- 
urn, the Moonworts, are represented in the United States by ten or 
eleven species. 

431. The Pepperworts (Order Rhizocarpeoe) are small 
aquatic or semi-aquatic plants, producing spores of two 
kinds, viz., small ones (microspores) which are very numer- 
ous, and large ones (macrospores) which are less numerous. 
The spore- cases are enclosed in rounded "fruits" or recep- 
tacles which are modified parts of leaves. 

432. The small spores, upon germinating, produce a 
slight outgrowth of a few cells (some of which develop 
antherids and spiral antherozoids), which is the extent of 
the first stage. The large spores likewise produce a few- 
celled growth, which is barely large enough to burst and 
protrude beyond the spore-wall. Archegones are devel- 
oped upon these, and from them, after fertilization, the 
leafy stage of the plants is produced. 

A few species of Pepperworts are sparingly found in the United 
States. Some have four-lobed leaves, as in the genus Marsilia (Fig. 
115), of which M quadrifolia occurs in New England, M. vestita and 
others in the Mississippi valley and westward; Pilularia, with filiform 
leaves, is represented by P. americana of the Southwest; it is 2 to 4 
centimetres high, and grows in muddy places; Azolla, containing 
minute, moss-like, floating plants, is represented throughout the 
United States by A. caroliniana. These interesting plants, which 
should be sought for more than they have been hitherto, are doubt- 
less much more common than we now consider them to be. 

Pmetieal Studies. — (a) Collect several different kinds of ferns, in- 
cluding the underground portions as well as the leaves. Study the 
fibro-vascular bundles, stony tissue, and fibrous tissue in the under- 
ground stem (Fig. 116). 
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(6) EzAinine the disposition of the small flbro-vascular bundles in 
the leaTes, whether free or reticulated. Peel off a bit of epidermis 
from both surfaces, and study the breathing-pores, 
(e) With a low power study the spore-dots, using top light only. 

The spore-cases may be easily seen and their at- 
tachment made out in this way, in those cases 
where there is no covering to the spore-dot 

(d) Make a yertical section through the cluster of 
spore-cases, and study carefully, looking for the 
ring of darker cells on the spore-cases. 
(«) The first stage of ferns may often be found in 
Fio. lie'— Cross- plant-houses on or in flower-pots near ferns. They 

SS*i!S3 ^tem^^^a °^ay ^ ^^und also by carefully examining the 
Brake (l^ris imui- moist earth among mosses, etc., in shady ravines, 
of^ fl^^ ▼aMsuLar Collect a few of these of various sizes, and keep 
bundles; ia, inner them in water in a watch-glass. Carefully wash 
dies; pr, two bands off the dirt from the under side, and then mount in 

(riiown ta*black?^p* ^*^''» ^^^ examine the under surface for antherids 
soft tissue (paren- and archegones (Fig. Ill, A), By careful search- 
ston^iiue. ^* ^' i^^g' young fernlets may be found still attached 

to the first stage (prothallium), as in Fig. Ill, B). 

(/) Collect specimens of Adder tongue or Moonwort, and compare 
the structure of the spore-bearing organs with the foregoing. 

{g) Search the borders of lakes, ponds, and slow streams for Pepper- 
worts. They may probably be found in every part of the country, 
although they have rarely been collected. 



Class HI. Lycopodd^jb {the Lyeopods). 

433. The plant-body consists of a solid, dichotomously 
branched, leafy, and generally erect stem. The leaves are 
small, simple, sessile, and imbricated, and usually bear a 
considerable resemblance to those of Mosses. The roots 
are mostly slender and dichotomously branched. 

434. The Lycopods are for the most part terrestrial per- 
ennials. They are usually of small size, rarely exceeding 
a height of 15 or 20 centimetres (6 or 8 inches). 

435. The spores of the Lycopods are produced in spore- 
cases on the upper side of the leaves. In some of the 
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genera the spores are of one kind; while in others they are 
of two kinds, large ones (macrospores) and small ones 
(microspores). 

436. The first stage (prothalliam) is but little known in 
the genera with one kind of spore only; it appears, how- 
ever, to be a thickish mass of tissue, which develops under- 




Fio. 117.— Fftrt of a dub-moss (Lyoopodlum claTatiimX the mnninflr. horizon- 
tal rootlDg stem below, with the spore-oearing cones, «, above. One half natural 
sise. 



ground, and bears both kinds of sexual organs. In the 
genera with two kinds of spores, the macrospores produce 
small cellular growths, which project slightly through the 
ruptured spore-wall, and upon these several or many arche- 
gones are formed; the microspores produce very small, few- 
celled growths, each of which bears a single antherid, in 
which there are developed a few antherozoids. 
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There are three orders of Ljroopodfl, tu.: 
437. The Clnh-Mouea (Ordw LycopodiacecB) are terres- 
' trial plants with many small, generally moss-like leaves 




rt of branch of a UUIe Cliih-mosa (SfU^ndlalnEeqnitollaX 
Natural hIzh. R. entarg^ vertical eectlon of a cone, showiag 
Lai^e and amall fipores. 



covering the stems. The spore-oearing leaves are often 
crowded towards the summita of certain branches, in some 
cases forming well-marked oonca (Fig. 117,8). The spores 
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are all of one kind^ and are borne in roundish spore-cases, 
which are generally single on each leaf. 

The Club-mosses are common in the Appalachian region, Canada, 
and northwestward, and all but one of our species belong to the 
genus Lycopodium. Of these may be mentioned the Common Club- 
mosses (L. clavatum and L. complanatum) and the Ground-pine (L. 
dendroideum), all extensiyely used in Christmas decorations. 

438. The Little Club-Mosses {Order SdagineUaceoe) re- 
semble the foregoing, but are generally smaller and more 
Moss-like, and have (with few exceptions) four-ranked 
leaves. Their spore-cases occur singly on certain more or 
less modified leaves, which are clustered into terminal 
spikes. The spores are of two 
kinds; the small ones, which are 
very numerous, are generally 
borne in spore-cases in the upper 
part of the spike, while the 
larger ones (macrospores) are 
mostly four in each spore-case in 
the lower part of the spike (Fig. 

118). Fio. no.— Plantlets of a Little 

rm. n ^1 Club-moss (Selaginella martensii), 

489. The first stage of the showing cotyledons, /.two plan tr 

lets growing from one spore; p. 
Little Club-mosses IS almost ob- the first stage (protjialllum). //, a 

plantlet separated from the spore; 

literated. When a small spore fj^^^; -^Mi^mSd'"**® ^ ***** 
germinates, it becomes divided 

internally into a considerable number of cells, one of which 
appears to represent the first stage (prothallium), while all 
the rest form one large antherid, each cell of which pro- 
duces an antherozoid. 

440. The large spore likewise produces a very small 
growth, which in this case, however, protrudes a little from 
the ruptured spore-wall. Upon this several archegones de- 
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yelop. After fertilization tlie germ-cell gives rise directly 
to a leafy plant, which emerges from the spore-wall in a 
way to remind one very forcibly of the growth of a plantlet 
from a seed* This resemblance is made greater by the 
likeness the first leaves bear to cotyledons (Fig. 119). 

But one genus, Selaginella, is known in this order. It contains 
about three hundred species, most of which are tropical. Two only 
(viz., 8. nipestris and S. lipus) are common throughout the United 
States, although five others are indigenous. Several exotic species 
are commonly cultivated in planthousea 

441. The Qnillworts {Order IsoetcuiecB) are small grass- 
like plants, with narrow leaves growing from short, thick, 
tuber-like stems. They grow in water or muddy places. 

442. Their spores, which are of two kinds, are produced 
in spore-cases on the upper surfaces of the leaf -bases. In 
their germination and development of the sexual organs 
they resemble the plants of the previous order. 

The Quillworts are all of one genus, Isoetes, of which 
there are in the United States fourteen species. 

FbuU Lyeopods, — Two orders of Lycopods once existed, containing 
large trees, which appear to have l)een very abundant. The Lepido- 
dendrids (Order Lepidodendraces were a metre (2 to 4 feet) thick 
and 15 to 20 metres (45 to 60 feet) high, and seem to have had the 
general appearance of the Club-mosses. The Sigillarids (Order Sigil- 
lariacese) appear to liave been trees 80 or more metres (100 feet) in 
lieight and li metres (4 or 5 feet) in diameter. Both produced two 
kinds of spores, showing their relationship to the Little Club-mosses 
and the Quillworts. Although very abundant in the Coal Period, 
they have long since become entirely extinct. 

Practical Studies. — (a) Secure a few fresh or alcoholic specimens 
of various kinds of Lycopods in fruit. The Little Club-mosses may 
be readily obtained in plant-housea Make cross-sections of the stems 
and study the fibro-vascular bundles, which in Lycopodium are im- 
bedded in a tliick mass of fibrous tissue. Examine the leaves, noting 
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the smal] fibro-vascular bundle in the midrib. Study the epidermis, 
which COD tains numerous breathing-pores. 

(6) Carefully dissect out from the fruiting cone of a Little Club- 
moss several spore-cases, the lower ones with four large spores, the 
upper with many small spores. Examine in like manner a cone of 
Lycopodium, in which but one kind of spore will be found. 

(c) Search tlie borders of lakes, ponds, ditches, and slow streaiiis 
for Quillworts, which may be at once distinguished from grasses, 
rushes, etc., by the spore-cases on the bases of the leaves. Although 
they are rarely collected, they may doubtless be found in almost 
every locality in the United States. 
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^ CHAPTER Xm. 

BRANCH VII. PHANEROGAMIA. 

THE FLOWERING PLANTS. 

443. In this great group we find the highest development 
of the plant-body, its tissues, and organs of reproduction. 
They are the most complex in structure, and most difficalt 
to fully understand, of all the plants in the vegetable king- 
dom. 

444. The plant-body is composed of roots, stems^ and 
leaves, generally well developed. Frequently these mem- 
bers of the plant-body are more or less branched^ giving 
rise to extensive branching root-systems, branching sterns^ 
and branching leaves. Hairs (trichomes) of various forms 
may occur upon all parts of the plant. 

446. By far the greater number of flowering plants are 
chlorophyll-bearing, comparatively few only being para- 
sitic or saprophytic. They range from minute plants one 
or two centimetres in height, and living but a few days or 
weeks, to enormous trees, which continue to grow for many 
hundred years, and attain a height of a hundred metres or 
nlore. 

446. The tissues are generally well developed in flower- 
ing plants. The epidermis, which is copiously supplied with 
breathing-pores, consists of one or (rarely) more layers of 
cells, whose external walls are generally somewhat thick- 
ened, and whose cell-contents rarely contain chlorophylL 



PHANEROQAMIA. 213 

447. The fibro-yascular bundles are of the collateral form, 
the only exception being the first-formed bundle in the 
root, which is of the radial type. The bundles are sym- 
metrically arranged in the stem, through which they run 
nearly parallel to each other, and extend into the leaves; 
a few, however, have no connection with the leaves. 

448.V All the kinds of tissues, with the exception of thick- 
angled tissue, may occur in the bundles; but they are 
mainly made up of tracheary, sieve, and fibrous tissues. In 
the larger perennials, as the trees, the great mass of tissue 
in the woody stems is principally made up of the tracheary 
and fibrous tissues of the fibrp-vascular bundles. In succu- 
lent plants, especially those growing in water, the bundles 
are usually smaller and more simple, being sometimes re- 
duced to a thread of tracheary or sieve tissue. 

449. Of the remaining tissues, soft tissue, in its various 
forms, is by far the most common. The hypodermal por- 
tions are frequently composed of thick-angled or stony 
tissue. Milk-tissue is common in certain orders. 

450. The organs of reproduction in all flowering plants 
are modifications of the type found in the higher Fern- 
worts. The leafy plant produces two kinds of cells, an- 
swering to the two kinds of spores we have lately studied. 
Moreover, these reproductive cells are produced, its in 
Fernworts, upon more or less modified leaves. 

451. The small reproductive cells, which are here called 
pollen-cells instead of spores, develop in great numbers 
within sac-like enlargements upon certain modified leaves. 
They are set free by the breaking of the sac, and then 
mostly fall out and are borne away by the winds, by in- 
sects, or other means. 

452. The larger reproductive cells are likewise produced 
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within outgrowths of certain modified leaves. Only a few 
are produced in each outgrowth, and of these rarely more 
than one become fully developed. Moreover, these larger 
cells (here called embryo-sacs instead of spores) never be- 
come free, but always remain within the outgrowth. 

453. We have seen that in the higher Femworts the 
parts of the plant-body bearing the reproductive cells are 
considerably modified, often forming cones. In the flow- 
ering plants this modification is carried still further, giving 
us in the lower orders such structures as the cones of pines, 
etc., and in the higher orders the many varied and beauti- 
ful forms oijhwers. 

454. The modified leaves upon which the pollen-cells are 
produced are known by the name of stamens, and the sac- 
like enlargements (corresponding to spore-cases) are com- 
monly called anthers. The outgrowths in which the em- 
bryo-sacs develop are known as ovules, and the leaves 
bearing these are the fruiting leaves, or carpophylls. 

455. The embryo-sac soon undergoes a few changes, 
somewhat similar to but much less than those in the large 
spores of the Lycopods, resulting in a germ-cell similar to 
the germ-cell of an archegone. About this time a mass of 
cells, corresponding to the first stage of a Lycopod, devel- 
ops in the embryo-sac. It is a belated growth; having lost 
nearly all its former usefulness as a supporting and nour- 
ishing tissue for the sexual organs, its development is more 
or less retarded. 

456. Fertilization of the germ-cell takes place essentially 
as in plants of a lower grade. When the pollen-cell germi- 
nates, it forms in a few cases a several-celled first stage 
(prothallium), reminding us again of the higher Lycopods. 
More Commonly even this feeble growth of a first stage 
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has not been detected. In either case the pollen-cell de- 
velops a tabular filament, sometimes of great length. If, 
now, such a germinating pollen-cell happens to be favora- 
bly placed near to an ovule, the pollen-tube may penetrate 
it and come in contact with the germ-cell. The protoplasm 
of the tube then unites with that of the germ-cell, and fer- 
tilization is complete. 

457. The fertilized germ-cell soon begins growing and 
dividing, producing in a short time a many-celled body — 
the embryo-plant. The embryo during its growth is nour- 
ished by the surrounding cells of the first stage, here called 
the endosperm. While the embryo has been growing, the 
covering of the ovule (one or two cellular coats) becomes 
gradually harder and firmer; finally the growth of the em- 
bryo stops, and the ovule containing it separates from its 
supporting fruit-leaf as a ripe seed. 

468. After a longer or shorter period of rest, the little 
plant in the seed resumes its growth, the necessary condi- 
tions being the proper heat and moisture. It is at first 
quite simple, consisting of a little root and stem and a few 
small leaves, but with the development of each succeeding 
leaf it becomes more like the adult plant. 

459. The flowering plants are separated into two classes, 
viz.: 

1. Ovules on an open fruit-leaf — Gymnospbbm^. 

2. Ovules enclosed within a closed fruit-leaf — Angiosfbrm^. 



Class I. GYHNOsPEBMiB {the Gymnosperms). 

460. These are plants with solid stems, which bear in 
most cases small, simple, narrow leaves with parallel veins. 
Most of them are large trees, and all are terrestrial and 
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chlorophyll-beariDg, none being in any wise parasitic. 
Common examples are the pines, sprooes, firs, etc. 

461. The general stmotore of the reprodaotive organs 
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may be understood from a study of those of the pines. 
The pollen-bearing flowers — staminate flowers, as they are 
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generally called — are loose ooDes generally orovded into 
considerable clustera. Each cone conaists of a stem apon 
which are many fiattiah stameoB, each bearing tvo pollen- 
saca (Fig. 120). 

462, The pollen-cells are roundish, and coTered by a 
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donble wall, tbe outer being thick and hard, and in some 
cases swollen out into bladder-like enlargements, appar- 
ently for the purpose of enabling the oell to be carried in 
the air (Fig. 121, S). One or more cells of the rudiment- 
ary first Bt^e are always present (Fig. 121, y). 
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488. Tha ovnle-beanng flowen conaiat of tlie well-known 
cones whiob, when mature, bear the seeds (Fig. 122). The 
cone consists of a stem bearing many leaf-like scales 
closely crowded together, and upon these the ovules are 
produced. Each ovule has one coat which grows np from 
below, almost covering it ; but as the ovules grow they bend 
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down, so that the opening through the coat comes to be 
below (Fig. 122, A and B). 

464. The embryo-sao appears in the body of the ovule, 
when the cone is qnite small, as an enlarged cell. It soon 
forms a mass of cells (the endosperm, or rudimentary first 
stage) within itself, and in this are developed one, two, or 
more nuJimentary archegones, each with its germ-celL 
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Thus we dee that the development which takes place here 
inside of the ovule (which corresponds to the spore-case) is 
similar to that which in the Lycopods takes place only after 
the large spore has separated itself from the parent-plant. 

465. Fertilization takes place as follows: The scales of 
the cone open slightly, permitting the pollen, which has 
been carried in the wind, to roll down to their bases where 
the ovules are. Here the pollen-cells germinate, and their 
tubes enter the opening in the ovule-coat and push through 
the tissues to the archegones, where the pollen-protoplasm 
is fused with that of the germ-cell (Fig. 123). 

466. As a result of the fertilization, there is first a 
growth of a row of cells (called the suspensor, erroneously), 
upon the end of which the embryo begins to form. The 
root-end of the embryo is always in contact with the sus- 
pensor, so that, taking the whole embryo at maturity, the 
suspensor is at one end and the little leaves at the other. 
Moreover, the root-end of the embryo is always directed 
towards the opening in the ovule- or seed-coats. The em- 
bryo proper is composed of a little stem ending in a short 
root below and bearing a number of little leaves (cotyle- 
dons) above. The stem ends in a bud, above and within 
the whorl of leaves. During the growth of the embryo 
the ovule enlarges, and its coat becomes thicker and harder, 
and at last, when growth within has ceased, it separates from 
the parent-plant as a seed (Fig. 124, /). 

467. In germinating, the seed first absorbs water and 
swells so as to burst its thick coat, the root elongates and 
pushes out into the soil (Fig. 124, A)^ soon sending out 
little branches. The leaves (cotyledons) are in contact with 
the endosperm, which is rich in starchy and sugary mat- 
ters, which afford the plantlet food for its growth. Finally^ 
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by the elon^tion of the leaves, the whole plant is puihed 
out of the now empty seed-coat (Fig, 124, III). 
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468. The tiaaaes of the Gymnospenos are mdividnally 
bat little higher than those of the Fernworts, bat io their 
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arrangement they show great and 
important differences. The fibro- 
vaacalar bundles are of the col- 
lateral form, and are so placed in 
the stem that the harder and more 
woody side is nearer the centre of 
the stem, while the softer side is 
always nearer to the surface (Fig. 
125, A). ITie inner part of the 
bundles is composed mostly of long, 
large cells, the tracheids, which 
have the well-known characteristic 
bordered pits (Fig. 126). Theonter i 
part contains, besides other tissues, ' 
a little fibrous tissue (bast-fibres). 
Between these two halves of the ";?'.''|!^^^Xt^"rfas- 
bundles there is a thin layer of Syteh'trl^ct'^M"^- 
growing cells (cambium) which is ' **■ 

COntinuooB with a layer between the bundles (Fig. 125, 
A and B). At this stage the stem is composed of an inner 
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mass of cells, the pith (-Sf ), and an outer, the rind, or cor- 
tex (i?), connected with one another by the broad rays 
between the bundles (Fig. 125). 

469. As the stem grows older, the cambium of the bundles 
keeps on forming tissues similar to those already found in 
the bundle; in other words, the woody part of each bundle 
is increased on its outer side, and the bark part on its inner 
side. In the mean time the cambium between the bundles 
gives rise to new bundles, which then increase in size in 
the manner described above. The woody part of the stem 
soon comes to have the shape of a cylinder, surrounded by 
a softer bark portion as a sort of sheath. 

470. The stem grows in thickness in the warm part of 
the year, but stops its growth as cold weather comes on. 
The first growth in each year is most vigorous, the cells 
being larger, while those formed towards the end of the 
season are regularly smaller and smaller until activity 
ceases. This manner of growth produces the well-known 
growth-rings, so readily seen in a cross-section of any pine 
or spruce stem. As there is generally but one period of 
growth each year in the cooler climates, every growth-ring 
represents a year of the tree's life; but it appears that oc- 
casionally there may be two periods of growth in a year, 
and consequently two growth-rings. 

471. Many members of this class have canals running 
through the tissues of their stems and leaves, in which a 
resinous turpentine is found. 

Practical 8tudie9-^a) In the spring of the year collect a quantity 
of the staminate cones of a pine (Scotch or Austrian are very good), 
and preserve such as are not wanted for immediate use in alcohol. 
Collect at the same time the young ovule-bearing cones which are 
to be found upon the ends of the new shoots as ovoid bodies, 8 to 10 
mm. long by 5 to 6 broad. 
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Q)) Split a stamiDate and an ovule-bearing cone vertically, and 
study their structure, comparing the one with the other. Dissect 
out a stamen and an ovule-bearing scale, and compare. In the 
former note the pollen-sacs, and in the latter the ovules (Figs. 120 
and 122). 

{c) Study pollen-cells from young and mature staminate cones. In 
the young pollen look for the cells representing the first stage (pro- 
thallium); in the ripe pollen note the bladder-like enlargements of the 
outer coat (Fig. 121, B). 

(d) Note that the ovule-bearing cones of Scotch and Austrian pines 
are two years in coming to maturity. Make vertical sections of cones 
of various ages, and note the growth of the seed. Note the thin 
wing (useful in their dispersion) on the seeds. Make longitudinal 
sections of seeds, and note the little plautlet with its several leaves 
(cotyledons). 

(«) Make cross-sections of leaves, and note the turpentine-canals, 
one near each angle, with others symmetrically arranged between. 
Make cross-sections of the young twigs, and note tlie canals in the 
rind or bark. Make similar sections of the wood of the trunk, and 
note similar canals at intervals. 

(/) Make very thin cross-sections of the mature wood of the stem, 
and note shape and size of the cells; note also the gradual decrease 
in the size in passing from the inner to the outer side of a growth- 
ring. Now make a very thin longitudinal-radial section, and observe 
the bordered pits (Fig. 126). A longitudinal section at right angles 
to the last (longitudinal-tangential) will show no bordered pits. In 
all these sections note that the wood is made up of but one kind of 
cells, viz., trachetds. 

{g) In a cross-section of a stem, note the thin radiating plates of 
tissue (medullary rays), in many cases extending from pith to bark. 
In longitudinal-tangential section of the stem these rays are seen in 
cross-section to be made of thick- walled cells (stony tissue). In longi- 
tudinal-radial sections the rays are seen split lengthwise (Fig. 126, d), 

{h) Make very thin cross-sections of the stem through bark and 
wood, and note the layers of very soft thin-walled tissue (cambium) 
between wood and bark. This may be made more evident by soak- 
ing the section for a few hours in carmine, by which the cambium 
will be stained. 

There ar^ three orders of Gymnosperms, viz.: 
472. The Cycads {Order Cycadaceai) are large or small 
trees, with much the general appearance of the palms and 
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tree-fem8« They are of slow growth and are lotig-lived; 
the stem elongates by a slowly unfolding terminal bud^ 
which gives rise to a crown of widely spreading pinnate 
leaves, which are constantly renewed above as they die and 
fall away below. About seventy-five species are now 
known, all confined to tropical or sub-tropical climates. In 
geologic times (Triassic and Jurassic) they were very abun* 
dant. 

473. The Conifers ( Order Coniferm) are mostly trees of 
a considerable size, with branching, spreading, or spiry 
tops, as the pines, spruces, firs, etc. etc. They are gener- 
ally of rapid growth, and in many cases attain a great 
height and diameter. In the greater number of species the 
leaves are persistent, and the trees, consequently, evergreen. 

474, The order contains thirty-two genera and about 
three hundred species, which are distributed mainly in the 
cooler climates of the globe. Seventy or more species 
occur within the limits of the United States, and constitute 
in many places enormous forests hundreds of miles in ex- 
tent. 

The pines (Pinus) include the most important trees of the order. 
The White pine (P. strobus), formerly very abundant from the Great 
Lakes eastward, furnishes the greater part of the *'pine lumber" so 
largely used in the Northern States for building and other purposes. 
The Sugar pine (P lambertiana) of California resembles the White 
pine but is much larger, being often 60 to 90 metres (200 to 300 feet) 
in height, with a trunk 3 to 6 metres (10 to 20 feet) in diameter. The 
Southern pine (P. australis), abundant from the Carolinas to Texas, is 
a tree of moderate dimensions, whose hard wood is "superior to that 
of any other North American pine," and is known in the markets as 
Yellow or Georgia pine. Scotch pine (P. sylvestris) and Austrian 
pine (P. laricio), both natives of Europe, are extensiv^y planted in 
this country. Besides the spruces, firs, larches, cedara, and many 
other well-known trees, the order contains the two species of great 
Redwoods. The most remarkable is culled the Big Tree (Sequoia 
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gigantea), and gtows in a few valleys on the wei^fefii slope of the 
Sierra Nevada Mountains in California. It attains a height of more 
than 100 metres (300 feet) and a diameter of 6 to 10 metres (20 to 
80 feet). The other species is the common Redwood (S. semper- 
▼Irens), confined to the coast-range mountains of California. It is 
^ut little inferior to the preceding in size, and its wood is extensively 
Hised for huilding and other purposes. 

In the Southern Hemisphere the Kauri pine (Agathis australis) of 
^ew Zealand, the Norfolk Island pine (Araucaria ezcelsa) of the 
South Pacific Ocean, and others represent a group of conifers closely 
related to those which were abundant in ancient geological times. 

475. The Joint-Firs {Order Onetaceoe) include a few 
undershrubs or small trees, mostly natives of the warmer 
parts of the world. Their curious structure is far too diffi- 
cult to be taken up here. 

Class II. Angiospebm^ {the Angiosperms). 

476. The plants of this class have, in most cases, more 
or less elongated stems; these are solid at first, and in 4;he 
great majority of cases they remain so. They usually bear 
ample leaves, with parallel or netted veins. 

477. Their reproductive organs are mostly collected into 
-definite and distinct flowers, which often show great beauty 
of form and color. The pollen-bearing leaves (stamens) 
resemble those of the Gymnosperms, but the ovule-bearing 
leaves (carpophylls) are folded into a closed vessel (ovary). 

478. Most Angiosperms are terrestrial and chlorophyll- 
bearing plants; there are, however, many aquatic and aerial 
species and a considerable number of parasites. They 
range, also, in size and duration, from minute annuals, a 
millimetre in extent, to enormous trees, $0 to 150 metres 
high and many centuries old. 

479. We have seen (pp. 216-218) that in the Gjrmnosperms 
the flower consists of a stem upon which are the leaves 
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which bear reprodnotive cells. The dower of the An^o- 
spennB is likewise a Btem, bearing leaves which have "m do 
with reproduction. In this class, however, there is, as a 
mle, a division of labor, as we may say: instead of all the 
leaves bearing reproductive cells, some of them are modi- 
fied in form, color, or stmotore, so as to make the flower 
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more conspicuous, which is, as we shall see, to the advan- 
tage of the plant. 

480. There are so many particular forms of flowers that 
it would be impossible to notice or describe them all in this 
place. In some cases the flower is a little stem (axis) upon 
which are pollen-bearing or ovule-bearing leaves (stamens 
or ovaries) ; these clusters of reproductive organs may have 
a number of sterile leaves below them on the stem, the 
floral leaves, or perianth. In other cases both kinds of re- 
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productive oi^ans are in one flower, when the ovaries are 
highest on the stem, the stamens being next, and the sterile 
leaves (if any) lowest of all (Fig. 127). There is, more- 
over, great diversity in the development of the sterile 
leaves, varying from a few small green or pale leaves to 
two or more distinct whorls of sepals (the outer) and petals 
(the inner) which may show great differences in size, shape, 
texture, and color. 

481. The stamens of Angiosperms often bear so little 
resemblance to leaves that their real nature would not be 
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suspected. There is usually a slender stalk, the filament, 
at the top of which are from one to four pollen-sacs, the 
latter forming the anther. We may regard the filament 
and its extension (the so-called connective) between the 
pollen-sacs as representing a very narrow leaf upon which 
the pollen- sacs develop as outgrowths. Sometimes the 
stamen is broad, showing at once its leafy nature. 

482. The development of the pollen-cells is like that of 
the spores of Femworts and the pollen of Gymnosperms. 
Certain internal cells (called pollen mother-cells) in the 
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young pollen-sacs undergo division into four parts, which 
become rounded and covered with a double coat or walL 
The outer coat is often much thickened, and may be roughr- 
ened by ridgeij or prickles (Fig. 128). 

483. The pollen-cells germinate in moisture, by sending 
out a tube which is a prolongation of the inner coat. In 
some cases there are cells or nuclei in the cell or tube, evi- 
dently representing the first stage (prothallium) in its last 
stages of suppression. The protoplasm of the cell passes 
freely down the tube to its extremity. 

484. The ovule-bearing leaves of Angiosperms bear still 
less resemblance to ordinary leaves than do the stamens. 
In the simpler cases the young leaf becomes curved so that 
its edges touch and finally grow together, forming the 
ovary, which usually tapers above into a style or stalk sup- 
porting a glandular structure, the stigma (Fig. 127, n). The 

^ ^ ^ whole ovule-bearing organ, com- 

^hLF ~ti<<'\ posed of ovary, style, and stigma, 

^ — ^^/tf»IJ***H[ ^ usually known as the pistil. In 

^rV ^ ^PJNr many plants several pistils grow 

. ""NX^ together, and thus form a com^ 
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Pig. 129.— Very young ovules. ^ ^ 

•tc^OYule-body; «c, inner, and pr, 486. The OVUleS OTOW UDOn the 
outer, coats just beginning to o jt 

So timS.^^*"'^"^* Magnified in^er (i.e., upper) surface of the 

leaf which forms the ovary, or at 
its base (Fig. 12^), or more frequently upon its margins. 
At first it is a simple rounded outgrowth of a few cells; as 
it grows older a circular ridge arises upon it, which often 
is soon followed by another (Fig. 129, A and J5). These 
ridges grow out and upwards so rapidly that they overtake 
and enclose the ovule-body, leaving bi|t s^ fmsXL opening ox 
pore, 
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486. The embryo-sac is an enlarged cell, at matnrity con- 
taining several roanded masses of protoplasm, ooe of Thioh 
is the germ-oell. As the tissaes of the ovule-body can sof- 
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ficieotly nonrish the germ-cell, there is little or no develop- 
ment of the first stage (protliallium) at this time, and there 
is an almost complete stippression of the arohegone-Talls. 




48?. Fertilization tabes place as follows; The pollen- 
cell, resting tipon the moist surface of the stigma, germi- 
nates, and its tabe penetrates the soft tissues of the stigma 
and style, finally reaching the cavity of the ovary, wherf 
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it ent«TB tbe ovale tliroagh the opening in the coats (Fig. 
131, A). Here it oomea in oontact with the apex of tbe 
ovnle-body, and booo reaches the embryo-flao. The contenta 
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of the poUen-tabe unite with tbe germ-cell, which then 
forms a wall about itself; it then divides transTersely one 
or more times, fonniDg a row of cells (the suspensor), at the 
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end of which xa embryo soon be|pns to form by the fieeioii 
of cells in three planee (Figs. 131, S, and 132, 1 to IV). 

488. At first the embryo ie a minute rounded cell-mas8 
attacbed to the end of the row of cells, and in some plants 
it pasBes but little beyond this stage until after the ripen- 
ing of the seed. In most cases, however, the cell-mass con- 
tinnee its growth nntil it has formed a little stem bearing 
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rudimentary leaves above and a root below. There are to 
be found all degrees of simplicity in the emhryoe of An- 
giosperms, from the rounded cell-mass (tballus) to the well- 
formed ptantlet provided with distinct root, stem, and 
leaves. 

489. Wbile these cbanges are going on, cells arise in the 
basal part of the embryo-sac and increase rapidly, generally 
filling np » considerable part of its cavity. These cells 
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constitute the endosperm, and senre somewhat later to 
nonrish the growing embryo. This nourishing tissue is 
considered to be the homologue of the first stage (prothal- 
lium) of the Fernworts, here greatly belated. 

490. The embryo in its growth gradually absorbs the en- 
dosperm. In many cases growth is checked in the ripening 
of the seedy before much of the endosperm is used up (Fig. 
133, ^ to 2>) ; in such seeds the embryo is small and poorly 
developed. In other cases more (Fig. 133, ^to 6r), or in 
still others all (Fig. 133, J? to J)^ of the endosperm is ab- 
sorbed; in these the embryos are much larger and better 
developed. Where endosperm remains in a seed, its cells 
are generally filled with starch, or less frequently with 
oily matters; where no endosperm remains, there is always 
a storage of starch or oily matter in some part of the em- 
bryo. While the embryo is growing inside of the ovule, 
the outer ovule-coat generally becomes thicker and harder, 
all the ovule-tissues become drier, and at last the hard, 
dry ovule, now called a seed, separates at its base and falls 
to the ground. 

491. The seed in germinating absorbs moisture, swells 
up, and generally bursts its coat. The embryo resumes its 
growth, sending out its root into the soil, and its stem and 
leaves upward into the air. Where there is endosperm, 
the embryo grows by absorbing food from it; where there 
is no endosperm, the large embryo is strong enough to grow 
for a time by using the store of food contained within itself. 
In some cases (e.g., bean, squash, melon, etc.) all the leaves 
withdraw from the seed-coat and appear above ground, 
while in others the first one or two leaves (cotyledons) re- 
main in the seed in the ground, only the succeeding leaves 
coming up into the light and air, as in peas, wheat, etc. 
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492. We have seeu that fertilization of the germ-cell 
not only caused the latter to develop into a plantlet, but 
excited the tissues of the ovule to a growth which they 
would not have made otherwise. This excitation of growth 
extends much further than the ovule; it conmionly causes 
the ovary to undergo considerable changes, and in some 
cases even parts of the perianth or the stem which bears 
the organs of the flower. These changes give rise to the 
fruit of Angiosperms. 

493. The changes which most frequently take place in 
the growth of the fruit are such as (1) an increase in the 
number of ovule-chambers by the formation of false par- 
titions, or (2) a decrease in their number by the oblitera- 
tion of some; (3) the growth of wings or prickles upon the 
exterior of the fruit; (4) the thickening and formation of 
a soft and juicy pulp; (5) the hardening of some portions 
of the wall by the development of stony tissue; (6) the 
thickening and growth of the calyx or receptacle. 

494. In cases where the walls remain thin and eventu- 
ally become dry, the fruits are said to be dry — e.g., in the 
bean; where the walls become thickened and more or less 
pulpy, they Bxe fleshy — e.g., the peach. 

495. It is unnecessary here to describe the various kinds 
of fruits. It is enough to point out that they all appear 
to have to do with the protection or dispersion of the seeds 
they contain. Thus the hard walls (as of nuts, achenes, 
etc.) or the bitter pulp of some (as of certain berries) are 
protective, while the sweet pulp (many berries, drupes, etc.) 
and explosive capsules of others serve to distribute the 
seeds. 

496. The particular structure of the flower, its position 
on the plant, and its relation to other flowers in forming 
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flower-dnstera of Miis or that shape, all have reference to 
pollination (i.e., the placing of the proper pollen upon the 
stigma). The pollen-cells are dependent for transportation 
to the stigma upon (1) the wind (anemophiloua flowers); 
(2) certain contrivances by means of which insects (or 
rarely birds) are made to carry the pollen from anther to 
stigma {entomophilcms flowers) ; (3) the favorable position 
of the anthers and stigmas, bringing the pollen in the 
opening anther into contact with the stigmatic surface 
{autogamoiM flowers). 

497. The grasses and sedges, and the oaks, beeches, 
chestnuts, walnuts, birches, and their allies, and a few 
others, have wind-pollinated flowers. In these the pollen 
is produced in great abundance, and the flowers are mostly 
small, regular in form, simple in structure, uncolored, and 
destitute of nectar (honey). The pollen-bearing flowers 
are always in clusters which are exposed to the wind, as 
in grasses at the top of the plant. 

498. A great number of plants have insect-pollinated 
flowers; these are, as a rule, large, colored, sweet-scented, 
and provided with nectar-glands; the nectar acts as a bait, 
and the showiness and scent as guides, to honey- loving in- 
sects, which, by various contrivances in the flowers, are 
made to come in contact with the anthera of one flower 
and the stigmas of another, in the first dusting their bodies 
with pollen, which in the second adheres to the stigmas. 

499. Large flowers are frequently solitary, but smaller 
ones are, as a rule, massed in clusters which thus become 
conspicuous. In the golden-rods we have a good illustra- 
tion of an extreme case of this kind, the individual flowers 
being very small and inconspicuous, while the flower-clus- 
ters of hundreds of massed flowers may be seen for a long 
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distance. In sunflowers, in addition, the marginal flowers 
in the cluster develop an especially showy perianth, sur- 
rounding the whole with conspicuous rays. 

600. Many showy flowers have no nectar (honey) glands, 
but in general some part of the flower secretes a sweet, 
sugary fluid which is attractive to insects and some birds. 
The nectar is always situated in the back part of the flower, 
so that in securing it the insect is obliged to come near to 
the pollen-sacs or stigma. 

601. In this connection the various irregularities of size 
and form in the parts of the perianth, as well as of stamens 
and pistils, have a meaning. Thus the perianth-leaves may 
grow together into a tube, in which case the nectar is at 
its bottom; or they may be of different sizes, as in orchids, 
beans, peas, etc., where they are so placed as to admit of 
access to the nectar from one direction only. In some 
tubular flowers there are two forms in the same species, 
those of some plants having long stamens and short styles, 
while in others the structure is exactly the reverse. Insects 
in getting honey from these will pollinate the long-styled 
flowers with pollen from the long stamens of other flowers, 
and vice versa. There is also very often a greater or less 
difference in the time of maturity of the stamens and pis- 
tils. In some the pollen is set free before the stigma is 
ready for pollination; in others it is the reverse. This (and 
the preceding) arrangement prevents pollination of a pistil 
by pollen from the stamens of the same flower; i.e., close 
fertilization is prevented. 

602. Self-pollinated (autogamous) flowers are much less 
numerous than those which are wind- or insect-pollinated, 
and it is doubtful whether there are any species of plants 
all of whose flowers exhibit constant self-pollination (au- 
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togamy). Tbere are a good many plants, however, which 
have two forms of flowers, viz., large, showy, nebtar-bear- 
ing, insect-pollinated ones, and small, inconspicuous self- 
pollinated ones, generally with a rudimentary perianth. 
Flowers exhibiting this form of autogamy are said to be 
cleistogamotM. 

503. Examples are to be met with in some violets, wild 
touch-me-not, etc.: early in the season these have large 
flowers, which are pollinated by insects, but later only small 
deistogamous ones appear, and in some violets these are 
subterranean. Without doubt it frequently happens that 
the pollen of wind- and insect-pollinated flowers falls upon 
their stigmas, resulting in accidental self-pollination; but 
too frequent a recurrence of this is guarded against by 
various structural devices. 

504. The foregoing are but a few of the general modifi- 
cations for securing proper polliuation which flowers show; 
they must serve to direct the student's attention to this 
interesting part of the study of plants, which can be taken 
up in connection with the writings of Darwin, Muller, 
Gray, and others. 

Practical Studies, — (a) Collect a few wild buttercup flowers. Begin 
at the lower side of the flower and carefully remove the five green 
sepals constituting the socalled calyx, next the five yellow petals 
constituting the so-called corolla, next the many stamens, and last 
the numerous small pistils which cover the rounded end of the floral 
stem. Make a careful drawing of a represent^itive of each part. 

(b) Mount in water (after moistening with alcohol) a little of the 
pollen of the morning-glory, sunflower, mallow, and Indian corn. 
Note the surface markings. Crush the cells and test with iodine. 
Pollen-grains may bo germinated by placing them in a five-per-cent 
solution of common sugar in water. The pollen-tubes may also be 
found by carefully mounting sti^rmas or longitudinal sections of stig- 
mas. Many grasses are good subjects for such studies. 

(e) Remove the pistil from a fresh pea-flower. Split it longitudi- 
nally, and observe that the ovules are in a row along one seam (suture). 
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Make many cross-sections of another pistil, so as to secure sections of 
ovules, in whicb note the ovule-body and the coats. Make cross- 
sections of younger and younger unopened flowers of the pea, and 
study the development of the ovary and ovules. It is very easy to 
get specimens showing the ovary not yet closed, and the ovules as 
very small outgrowths from its margins. 

(d) Make longitudinal sections of several young pea-pods in such 
manner as to secure thin sections of the ovules. By selecting pods 
of different ages, the large embryo sac, with the young embryo in 
various stages of growth, may be observed. 

{e) Carefully dissect and examine a pea after soaking over night in 
water. Note the short curved stem, tipped by a root, the two thick 
starch-gorged leaves (cotyledons) with smaller leaves between them. 
Examine in like manner a bean, seeds of the apple, squash, buck- 
wheat, oat, Indian corn. Note the endosperm when present. 

(/) Examine in succession ripened fruits as follows : 1, marsh-mari- 
gold (follicle); 2, pea (legume); 8, mustard (capsule); 4, parsnip (cre- 
mocarp); 6, oak (nut); 6. sunflower (achene); 7, Indian corn (cary- 
opsis); 8. melon or cucumber (pepo); 9, gooseberry (berry); 10, cherry 
(drupe); 11, apple (pome). Numbers 6 and 7, which are popularly 
called seeds, are composed of a large seed enclosed in a tightly fitting 
ovary-wall. 

{g) Study the Indian com as an example of a wind-pollinated (ane- 
mophilous) plant. Note the position of staminate (in the tassel) and 
pistillate (in the ear) flowers. Estimate the relative number of pollen- 
cells, and ovules (one in each ovary). 

{h) Study the position of the nectar in clover (at the bottom of the 
corolla), columbine (in deep sacs of the petals), and buttercup (on 
glands at the base of the petals). 

{%) Examine flowers from several different plants of eyebrights 
(Houstonia), puccoon (Lithospermum), and cultivated primrose. Ob- 
serve that on some plants the flowers have long stamens and short 
styles, while in others they are the reverse. By measurements the 
anthers of the one form will be found to have exactly the height of 
the stigmas of the other. Many other flowers show this dimorphism ; 
a few show trimorphism, i.e., three forms. 

(J) Observe the flowering of spring-beauty (Claytonia), and notice 
that the stamens mature before the stigmas are ready for pollination. 
Ol)serve in like manner thistles and sunflowers in which proterandry, 
as it is called, takes place also. Now observe the flowering of the 
strawberry and the apple, in which the pistils mature before the 
stamens. This is known as proterogyny. Both proterandry and 
proterogyny are included under the general term of dichogamy. 



238 BOTANY. 

{k) Observe the large eurly flowers of violets, which are dependent 
npon insects for pollination. Notice that after a while none of these 
appear, but only small ones destitute of petals. In the common yel- 
low violet these are borne on the stem above the ground, but in blue 
violets they are often underground. These small flowers are self- 
pollinated (cleistogamous). 

505. The fibro-vascular bundles of the steins of An^o- 
sperms are entirely of De Bary's "collateral" class; that 
is, each bundle in cross-section is more or less distinctly 
two-sided, viz., wood and bark. Each of these sides gen- 
erally contains soft, fibrous, and vascular tissues. 

506. The disposition of the bundles in the Angiosperms 
is for the most part dependent upon the position of the 
leaves. Nearly all the first-formed bundles are of the kind 
termed "common bundles;" that is, they extend on the 
one hand into the leaf, and on the other down into the 
stem. 

507. The general arrangement may be illustrated by Fig. 
134, in which there pass down from each leaf three bun- 
dles; at the lower internode these are, on the left, a, 6, c, 
and, on the right, d^ «, /. At the next internode, where 
the leaves stand at right angles to the lower ones, there 
are three bundles again, ^, A, i, and ky ly m; these are 
largest at their points of curvature, and they dwindle in 
size as they pass downward and finally unite with the bun- 
dles from the lower pair of leaves. The bundles from the 
third internode pass downward, and in like manner join 
those from the second pair of leaves, and so on. Thus in 
such a stem every bundle passes downward through one 
internode before joining another, and in any internode all 
the bundles are derived from the leaves at its summit. 

508. In some Angiosperms the bundles in a cross-section 
of a stem are separate from one another, while in others 
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Fio. ISl—Tho flbro-T&scular syvXem of the stem of a VirsrinVbower (Clematis). 
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they floon become connected by a cambtnm-ring aa in the 
Gymnospeniu. In the perennial species this gives rise to 
a marked difference in the strnotore of the stem (Fig. 135, 
^ and ^. 

609. The tissues of Angiosperms are the most varied 
and highly developed of any in the vegetable kingdom. 
Not only is every tissue abundantly represented, bnt each 
one shows almost numberless more or less veil-marked va- 




F^». ]S&. — Crow-BeCtloDA □■ cnw-iruujtii, a. ui ■ rauu; o, ul tui 
woody, u>d «e, cortical (bark), portloa; m, pith; rm, medullary njv. 

rieties. Moreover, the structures which they form, as the 
solid (woody) parts of the stems, are of a higher order and 
far more oomplei than those in any other groups of plants. 

Praelical SttidU».—{a) Huke cross sections of yoiiiifi; stems of the 
Asparagus and hickory. Hole tlie diflerence iu arraogement of the 
bundles. In like mnnner compnre cross-EecUous of young stems of 
virjuiii's-bower (Clematis) and greeti-bi'ier (Smilai). 

{b) Make vertical sections of tbe foregoicig, and Qote tlie relnlion 
of llie bundles to ilie leavea. 

(c) Make cross and longitudinal sections of tlie solid (noody) pari 
of a bamboo or green-brier stem, and compnre with similar sections 
of oak or bickory. In the latter oote the piiL, medullary rays, and 
distinct l>ark. not present in tbe former. 

(d) In the sections of oak and hickory note the cambium-zone 
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wbicb lies between the ioner solid (woody) mass and the outer softer 
portion. 

SIO. The Angiospennff are readily separated into two 
mb-claasea, as folloTs: 

Sab^lasa L Honoootyiedonea (the Monocotjledons). — 
The first leaves produced by the embryo are alternate; 
the endosperm ia usually large and the embryo small. 

Snb-Clasi IX Dicotyledones (the Dicotyledons). — The 
first leaves of the embryo (cotyledons) are opposite; tbe 
endosperm is very often rudimentary or entirely wanting, 
and tbe embryo is generally lai^e 




Ftq. ISA.— Longltudiiial RecUon at the Reed of ImllBn Corn. c. adherpnt Rail 
r [h>> ninunr' n rcrnminK nt thn vtylo; a/, baae DC the OTSiy (&1I the renulmlT 
_ .._ __^ ootjledon; E, Us epi- 



of the flours la the uiie 
dennJs : «. voung leaves; 
lUgnlBed a thnea. 
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Sub-Class I. The Mohocottledons {Monocotyledonea). 

Sll. The first leaves of the embryo are alternate; hence 

we say that tbey have one cotyledon. The venation of the 
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leaves is for the tnoat part such that 
the veinB mn more or less parallel 
to one another, and when they 
join each other enclose foar-sided 
spaces; rarely, however, their veins 
are irregularly distriliDted and 
form an irregular network, 

SI 2. The germinatioD of Mono- 
cotyledons may be illustrated by 
the Indian com. Here the embryo 
lies partly imbedded in one side of 
the large endosperm (Fig. 136). 
The first leaf of the young plant 
(the cotyledon, or scutellum), »c, 
has its broad dorsal surface in con- 
tact with the endosperm ; anteriorly 
it is curved entirely around the re- 
mainder of the embryo. 

613. Under proper conditions 
the main root pushes through the 
root-sheath {les. Figs. 136, 137). 
The plumule, consisting of a mi- 
nute stem and a few rudimentary 
leaves, nest pushes out through 
the upper end of the curved co- 
tyledon (77, Kg. 137). The co- 
tyledon remains in contact with 
Fio. in.— oenDiD&Uon ot Id- the endosperm and absorbs nour- 

dlsn Cmn, I, II III aucuea- ^ 

MVii^ofl''dM^d^- isl^™^"* 'rom it for the sustenance 
fliiS'^^lh'^i^lpESt"^.'^ of i^^ growing parts. Uteral 
?K6l';4™^4Xt^ roots «oon appear upon the main 
liJlSSX"' ""' ''■ root, and adventitious ones arise 
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from the first internodes of the stem (to'", to", w'). The 
first leaf above the cotyledon is quite small (5), and each 
succeeding one becomes larger and larger until the full size 
is reached. 

514. Monocotyledons i;iclude about 18,000 known species 
which are by the latest authorities arranged under thirty- 
four orders. These orders, moreover, are brought together 
in seven groups (series). In the following tabular presen- 
tation only the more obvious characters are given. 

Series I. Olnmaceee. — Perianth chaff -like or none. Ov^ary single, 
one-ovuled. Seeds with endosperm. 

Order 1. The Grasses (Gmmineae). — Herbaceous or rarely woody 
plants with round, jointed, and mostly hollow stems, bearing alter- 
nate two-ranked leaves with split sheaths. Species 3100 to 8300, 
distributed in all climates. 

Oi-der 2. The Sedges (Cyperaceae). — Herbaceous plants with three- 
angled solid stems bearing three-ranked leaves with entire sheaths. 
The 2200 species are distributed throughout the world. 

Orders 8 to 5 (Restiacese, CentrolepidesB, EriocaulonacesB) include 
five or six hundred grass-like or rush like, mostly tropical plants. 

Series II. ApocsrpeeB.— Perianth in one or two series or none. Ova- 
ries single, or many always distinct. Seeds without endosperm. 

Oi-der 6, the Pondweeds (Naiadacese), Order 7, the Water-plan- 
tains (A-lismaceae), Order 8 (Triurideae), mostly common water- 
plants, aggregating about 200 species. 

Series III. NndiflorsB. — Perianth none. Ovaries single, or many 
united. Seeds mostly with endosperm. 

Order 9. The Duckweeds (Lemnacese). — These are the smallest of 
flowering plants, and consist of floating discs generally bearing one 
or a few roots beneath. About twenty species are known, half of 
which occur in the United States. 

Order 10. The Aroids (Aroideae). — Herbs often large and palm-like 
in appearance, with large leaves having reticulated venation. There 
are about 900 species, distributed mostly in tropical countries, where 
they sometimes attain a height of several metres (6-12 feet); in tern 
perate climates they are much smaller. 

Order 11. The Cat- tails (Typhacese).— This small order is well rep- 
resented by the well-known Cat-tail Flag of our ponds. 
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Order 18 (QycUuilliaoeKX of a few herfas, aod Order 13, the Screw- 
pines (PaDdaoaces), of eigbty shrubs or trees, are both tropical. 

SarisB IT. Calj8ia». — Perianth small, calyx-like. Ovary free (i.e., 
not united to the perianth). Endosperm copious. 

Order 14. The Palms (Palmaoes). — ^Trees. shrubs, or woody climb- 
ers; natives almost exclusively of the torrid zone, or the adjacent 
hotter portions of the temperate zones, beiog rarely found beyond 
40** north and 85*" south latitude. Eleven hundred species of palms 
have been enumerated. 

Order 15. The Rushes (Juncaoeie). of which there are 200 species, 
are widely distributed, while the very small Order 16 (Flagellariese) 
is confined to the tropics. 

Sorifls T. CoTooariea. — Perianth more or less corolki-like. Ovary 
free, or rarely attached at the base. Endosperm copious. 

Order 17 (Rapateacese) contains a few South American herbs. 

Order 18, the Spider-worts (Commelinaceae), includes about 900 
mostly tropical herbaceous species. 

Order 19 (Mayaceae), Order 20, the Yellow-eyed Grasses (Xyri- 
dacese). Order 21 (Philydracese,) nud Order 22, the Pickerel- wc^eds 
(Pontederiacese), are all small orders and consist of herbaceous species. 

Order 23. The Lilies (Liliacese). — These are mostly perennial, her- 
baceous, rarely siinibby or tree- like plants,' with entire leaves, and 
generally showy flowers. The species, of which there are about. 
2100, are distributed in all climates. 

Order 24 (Roxburgliiaceae). 

Series YI. Epigynas.— Perianth more or less corolla-like. Ovary 
inferior (i.e., united to the perianth so that the latter appears to be 
on the ovary). Endosperm copious. 

Order 25, the Yams (Dioscoreacefle), and Order 26 (Taccacete), 
small orders of mostly tropical plants. 

Order 27. The Amaryllids (Amaryllidaceae) are mostly perennial 
herbs, widely distributed. About 650 species are known. 

Order 28. The Irids (IridacesB) are perennial herbs numbering 700 
species, very generally distributed throughout all regions. 

Order 29. The Blood worts (Hsemodoraccse), a small order, natives 
mostly of the Southern Hemisphere. 

Order 30. The Pine-npples and their allies (Bromeliacese), about 
350 species of warm climates. 

Order 81. The Bananas and their allies (Scitaminese), perennial 
lierbR. sometimes almost tree-like, numbering about 460 species, 
mostly tropical. 

Series YII. MicroBpermsB.— Perianth more or less corolla-like. Ova- 
ry inferior. Seeds minute, without endosperm. 
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Order 32. The Orchids (Orchidacese) conslitute an immense group 
of 4500 to 5000 species of perennial herbs. Some of these are terres- 
trial, while very many are epiphytic (i.e., grow upon trees: not para- 
sitically, however). 

Order 33 (Burmanniacese) and Order 34, the Frog's-bits (Hydro- 
charidesB), include about 100 species of small herbs. 

515. The Monocotyledons include many of the most in- 
teresting plants botanically to be found in the vegetable 
kingdom. While the flowers in the lower orders are sim- 
ple and unattractive, those in the higher series are often 
exceedingly complex and of great beauty. If, for exam- 
ple, we compare the flower of a grass with that of an Orchid, 
the differences are so great that at first we can scarcely see 
any resemblance. However, the two stand at opposite ex- 
tremes, and, as may be seen by a study of the foregoing 
synopsis, there is a pretty regular gradation from the one 
to the other. From the Grasses through the Aroids to the 
Palms the gradation is an easy one, while from the Orchids 
through the Irids the passage is equally easy to the Lilies. 
We may, perhaps, regard the Palms and the Lilies as typi- 
cal Monocotyledons between which lie a number of small 
connecting orders, and from which on either hand the 
orders diverge to specialized forms. 

516. While the flowers of most grasses are wind-pol- 
linated (anemophilous), those of the Orchids are almost 
entirely dependent upon insects for pollination. In the 
grasses we find a great amount of dry powdery pollen, 
but in the Orchids, on the contrary, tbe pollen is in small 
quantity and usually held together by sticky threads. The 
stigmas of grasses are large, prominent, and generally 
feathery, so as to easily catch and retain the pollen; in the 
Orchids, however, they are mostly sticky surfaces, rarely 
projecting, oft^ much depressed. 
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517. These differences in the sexual organs are accom- 
panied by similar ones in the surrounding parts. Thus 
the stamens and pistils in grass-flowers are surrounded by 
chaffy scales pale or green in color. Such flowers are 
therefore not conspicuous, although generally clustered at 
the summit of the stem. Moreover, they possess little or 
no nectar, and, with few exceptions, are scentless. In the 
Orchids there is a well-developed perianth which shows 
high specialization of form and color. Most are provided 
also with nectar-glands and an attractive odor. 

518. In Orchid-flowers the stamens and styles are fused 
together into a " column" which occupies the centre of the 
perianth. In the great majority of cases there is but one 
anther (representing one stamen), and this is on or near the 
end of the column, so placed as to be readily touched by 
an insect entering the flower. The pollen-cells cohere in 
little sticky masses, which easily adhere to the head, an- 
tennad, or back of an insect. 

519. It is an interesting fact that in the ordinary terres- 
trial Orchids the flower develops in such a way that it must 
twist upon its ovary in order to attain its proper position 
when open (Fig. 138). Thus, without twisting, the lip (/) 
with its spur would be uppermost, while the anther would 
be below. 

520. When a long-tongued insect is attracted to an 
Orchid-flower by the color and odor, it thrusts its tongue 
down into the spur (sp) in search of nectar or sweet juices, 
in the mean time perhaps resting its feet upon the lip (/). 
Its head comes in contact with the sticky discs (at A), which 
adhere tenaciously. When the insect withdraws its tongue, 
it at the same time carries away the pollen-masses adhering 
to its head. When the insect visits another Orchid-flower 
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of the eame specieB, the pollen- masaes are thrast against the 
sticky stigma («<) and all or a part adheres to it. Thus, as 
the insect passes from fiower to flower, it unconBcioDsly 
pollinates them, always, however, carrying the pollen of 
one flower to the stigma of some other. 
621. The Lady's Slippers are examples of Orchids with 
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ta. 188.— An Orchld-nower (Orchis nuiaculal. A, vertical section of afl[>wer- 
l(lllagslaed)be(orelt has twisted upon ICa OTsry./^ [f>. the column, bearing a 
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two anthers; these are upon the sides of the carved colnmn 
which bears the stigma higher np. The lip is here shaped 
like a slipper (whence the common name), into the opening 
of which the colamn bends. The lip and the other parts 
of the perianth are colored, often showing striking con- 
trasts, and these donbtless serve to attract the notice of 
iosects. When an insect enters the slipper (lip)> it does so 
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from the top; bat once inside, it finds it difficult to escape 
by that route on account of the incurved margins of the 
opening, as well as the smooth sides of the slipper. It ac- 
cordingly passes backward under the dependent stigma, 
and escapes by squeezing between the column and base of 
the slipper: in doing this it covers its back with sticky 
pollen from the anther on the column. When it visits 
another flower this experience is repeated; and as it passes 
under the stigma in its endeavor to find an exit, some of 
the pollen is left on its surface. 

522. Among the tropical Orchids there are some marvel- 
lous flowers. One of the most remarkable of these is a 
large flowered species of Catasetum, native of South 
America. The flowers are diclinous, i.e., the pollen and 
the ovules are produced in different flowers. The column 
of the staminate flower is furnished with a pair of slender 
horns, one or both of which are sensitive. The pollen- 
masses are curved and in a state of tension, like a curved 
whalebone spring. Now, when an insect alights on the lip 
of the flower and comes in contact with one of the sensitive 
horns, the pollen-mass is instantly set free with a jerk suf- 
ficient to throw it nearly a metre, and in such a direction 
as to strike and adhere to the head of the insect. When 
the insect visits a pistillate flower, the pollen-mass is in the 
proper position to be brought in contact with the stigma, 
thus effecting pollination. 

623. Much might be written about these truly wonderful 
plants, but what has been said must suffice to call the at- 
tention of the student to them. Our native species will 
well repay a careful examination, while the exotic ones, of 
which hundreds are now grown in conservatories, show a 
greater variety in form and color of flower than can be 
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found in any other order of plants. The student may 
profitably read in this connection Mr. Darwin's work, " The 
Various Contrivances by which Orchids are Fertilized by 
Insects.*' 

524. The Monocotyledons include many of our finest 
ornamental plants. Thus some of the grasses and sedges 
are grown for the beauty of their foliage and flower-clus- 
ters, and many aroids find places in greenhouses, one of the 
most common being the so-called Calla-lily from South 
Africa. In the Lilies, however, we find the greatest num- 
ber of plants grown for the beauty and attractiveness of 
their flowers, possibly excepting the Orchids. Of the 
Lilies proper there are many species from America, Europe, 
Asia Minor, China, and Japan which have long been in 
cultivation in gardens. Closely allied to these are the Day- 
lilies and the stately Crown-imperial, the Hyacinth, now 
of many forms and colors, and the Tulips, which under 
cultivation have been made to vary still more. The Ama- 
ryllids have given us the Snowdrop and Snowflake, the 
Daffodils, Jonquils, and the delightfully sweet-scented 
Tuberose. From the Irids we have many species of Iris 
and Crocus and Gladiolus, the last from South Africa. 
The use of the Orchids as ornamental plants has already 
been referred to; but while, doubtless, more species of 
them are grown, they are for the most part confined to 
special greenhouses and conservatories called orchid-houses, 
and are not found in common cultivation among the peo- 
ple at large. 

525. The rank of the Monocotyledons economically is 
high. The seeds of the grasses have a copious starchy en- 
dosperm which has for ages been used as food for man and 
bis domestic animals. Thus wheat, rye, barley, oats, and 
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lioe, ill natlree of the old world, have been in onltivatioii 
from time immemoriftL Indian Cora, being a natire of 
America, has but recently come under general coltivation. 
The stems of most grasses are nutritions, and constitate the 
greater part of the pasturage and fodder for domestic ani- 
mals. In several of the lai^er species, as the' Sugar-canes, 
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this nutritious matter is so abundant as a sreet juice that 
they furnish the greater part of the sugar of the world. 

526, The Palnut, while of little value to the people of 
cooler climates, furnish in tropical regions most of the 
DcoesBariea of life. In some countries every want of man 
is supplied by one or another of the palms. The Cocoa- 
nut-palm, now grown in all hot climates, is one of the most 
Dsefql of the species, furniahing material for huts, fencee^ 
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baskets, backets, ropes, mats, cups, food, wine, and many 
other purposes. The Date-palm of the Mediterranean 
region, the Pahnyra Palm of Southern Asia, and the Sago- 
palms of Siam and the Indian Archipelago are all food- 
producing trees of great importance to the people of these 
countries. 

527. The Bananas likewise furnish great quantities of 
food to the natives of tropical countries. There are sev- 
eral species and many varieties; all are large herbs with a 
palm-like aspect, often 3 to 5 metres (10-15 feet) high. 
Their fruits are borne at the summit of the stem, a large 
flowering bud gradually unfolding and exposing clusters 
of small flowers which produce the well-known fruits 
(Fig. 139) 

Sub-Class II. The Dicotyledons (Dicotyledones). 

528. The first leaves of the embryo are two and oppo- 
site; hence they are said to have two cotyledons. The 
venation o£ the leaves is for the most part such that the 
veins are rarely parallel, and in joining one another they 
form an irregular network. 

529. The germination of Dicotyledons may be illustrated 
by the following examples. In the seed of the Windsor 
Bean (Fig. 140) the embryo entirely fills up the seed- 
cavity, the endosperm having all been absorbed. The 
thick cotyledons lie face to face, and are attached below to 
the small stem of the embryo-plant. The stem extends 
upward a short distance between the cotyledons, bearing 
a few rudimentary leaves and itself ending in a growing 
point, the whole constituting the plumule. The downward 
prolongation of the stem (commonly but erroneously called 
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the radide, for it is not a little root) ends in a very short 
root Thich ia continaoas with the Btem. 

£30. Under the proper conditions of heat and moisture, 
the root elongates and ptuhee out through the pore (micro- 




Fia. 140.— Windsor Bean (Vlcla taba,). A, seed wllli one cotjiedon remi 

c, cotyledon; kn, plumule; ur, root; a, aeed-ooat B, gctminaXtxtg deed ; v. smu 
co&t, partK tOTD Bvay at I; at. stalk of one or the cotyledooB: k. curred Bt«ii 
above, aodAf, short Btem below« the colyledonE; h, uv, root, 

Fio. 141,— Caslor-oil Plant (BIclnus oommuDls). I. LoDKltudinal section of Ui< 
ripe seed. //. eermlnaiioK Bead with tlie cotvledooH atltl Inside of the aeed-coa 
(shown more distinctly In ,^ and £f. a, seed-coat; e, eudoaperm; c, coCfledoii 



pyle) of the seed-coat; at the same time the stalks of the 
cotyledons elongate and thus bring the plumule outside of 
the seed-coat, the cotyledons alone remaining within. Dur- 
ing the first few days of its growth the young plant is 
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nourished by the starch in the cotyledons, vhich id this 
species remain during the whole process of germination 
beneath the ground enclosed in the seed-coat. In the com- 
mon Field-bean (FhaseoluB) the germination is the same 
excepting that the stem elongates below the cotyledons 
and brings the latter above the ground. 

531. The seed of the Castor-oil Plant contains a large 
embryo sorrounded by a thin 
layer of endosperm (Fig. 141, 
I). In its germination the 
root and stem below the coty- 
ledons elongate, and thus bring 
the seed-coat with the con- 
tained cotyledons above the 
ground (Fig. 141, 11). The 
cotyledons remain within the 
seed-coat until they have ab- 
sorbed all of the endosperm; 
when this is accomplished the 

J . - ,, , Pra. 142— Magnified fragment of 

empty seed-coat falls away, and a le^ at a. Dlcotyledtu. sHowinK re- 

. , , , - ticulated Tunatlon. 
the freed cotyledons expand 

and assume to some extent the function of ordinary foliage- 
leaves. 

682. The venation of the leaves of Dicotyledons is easily 
studied by macerating them so as to remove the soft tissue, 
leaving only the fibro-vascular bundles. While there is as 
a rule a general likeness between them, there is yet an 
almost infinite diversity in the details of structure. The 
general disposition of the smaller veins is well illustEated 
by Fig. 142. 

533. There are now known npwards of 78,000 Dicotyle- 
dons, showing every degree of development from minute 
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herbaceous annuals to large woody perennials. It is a most 
difficult matter to arrange so great a number of species 
satisfactorily, so as to show their mutual relationship. 
They have been grouped into about one hundred and sixty 
orders. The orders, again, have been grouped as far as 
possible in such a way as^to bring together those which 
bear the closest resemblance to one another. The disposi- 
tion of these groups is as yet partly artificial, in many 
cases resulting in the separation of orders which are evi- 
dently related. 

534. The following synopsis will show the latest arrange- 
ment, as generally adopted in this country. For conven- 
ience three artificial groups are made, viz., Apetalse, Gramo- 
petalse, and ChoripetalsB. 

I. APBTAiiiB. Apetalous Dicottlkdons. 

Plants whose flowers generally have but a single floral envelope 
(calyx) this even, in some cases, wanting. 

Many of tlie orders here brought together are related to those to be 
noticed further on. Their flowers are in many cases to be regarded 
as simplified Choripetalse, or less commonly GamopetalsB. The 
grouping given below is almost entirely artificial. 

Series I. . — ^Flowers mostly unisexual. Perianth none or 

small. A group of anomalous orders of doubtful relationship. 

Order 1. The Homworts (Ceratophyllaceae) are a few small aquatics, 
widely distributed. The seeds contain a well-developed embryo and 
00 endosperm. 

Order 2. The Crowberries (Empetraceae). — These are four small 
Heath-like shrubs producing berry-like fruits whose seeds contain a 
small embryo in copious albumen. 

Order 3 (LacitemacesB), shrubby plants (16 species) of tropical 
America, producing dry fruits whose Seeds contain a copious endo« 
sperm. 

Order 4. The Willows (Salicacese) are trees and shrubs common in 
the Northern Hemisphere. They include also the Poplars, there being 
150 or more species of true willows and. 18 poplars now known. 
The flowers are unisexual, and the staminate and pistillate forma 
always occur on different phmtP (i.e., they are dioecious); they are 
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destitute of a perianth and are clastered into weak spikes or catkins. 
The seeds contain a well dereloped embryo and no endosperm. 

Series II. Uniseznales.— Flowers unisexual. Perianth none or 
small. Seeds few or one, with little or no endosperm (excepting in 
Orders 12 and 18). 

Order 5, the Oaks (Cupulifene), trees and shrubs mostly of the 
Northern Hemisphere, including, in addition to the oaks proper, the 
Beeches, Chestnuts, Ironwoods, Hazels, Birches, and Alders. Four 
hundred species are known. 

Order 6, the Beef woods (Gasuarinese), a few leafless trees and shrubs 
with green jointed branches having much the aspect of the horsetails 
(Equisetum). 

Order 7, the Galeworts (Myricaces), a few aromatic shrubs produc- 
ing drupe-like fniits. 

Order 8, the Walnuts (Jiiglandacefle), generally large trees bearing 
drupe-like fruits enclosing a slony sliell. About 30 species are known, 
widely distributed throughout the Northern Hemisphere. 

Order 9 (Ijeitneriett), and Order 10, the Plane-trees (Platanacese), 
each of a few species. 

Order 11, the Nettle worts (Urticacese), a large group of herbs, 
shrubs, and trees (1500 species), often separated into several distinct 
orders. It includes the Elms, Hackberries, Figs, Mulberries, and in 
the tropics many other trees. The hop and hemp and many species 
of nettles are common representatives of the herbs of this order. 

Order 12 (Balanopsese), a few Australian woody plants. 

Order 13. The Spurgeworts (Euphorbiacese) include 8000 or mone 
species of herbs, shrubs, and trees, mostly rich in latex (contained in 
milk-tissue). The order is mostly tropical, where it abounds in large 
trees; but the few species found in colder climates are almost entirely 
small and herbaceous. 

Series ni. Aehlamydosperea. — Perianth generally calyx- or corolla- 
like. Ovules few. Ovule-body without coats, the seeds therefore 
naked. Endosperm mostly present. 

Order 14 (Balanophorese). Order 15, the Sandalworts (Santalacefe), 
and Order 16. the Loranths, or Mistletoe Family (Loranthacete), are 
nil more or less parasitic herbs or shrubs. 

Series IT. Baphnalss. — Perianth generally calyx-like. Ovules few. 
Endosperm wanting (with few exceptions). Mostly trees and shrubs 
with perfect flowers (i.e., with both stamens and pistils in the same 
flower). 

Order 17, the Oleasters (Elseagnaceie), a few scurfy-leaved shrubs 
and trees, widely distributed. 

Order 18 (Penfleacese), a few South African evergreen shrubs. 
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Order 19. The Daphnads (TliymelflBaceiB) include about 360 tough« 
barked trees and shrubs (with a few herbs), mostly of the Southern 
Hemisphere. 

Order 20. The Proteads (Proteacese) are strange-looking evergreen 
shrubs and trees (about 950 species), mostly natives of Australia and 
South Africa. 

Order 21. The Laurels (Lauracese) are aromatic trees and shrubs of 
tropical and temperate climates. AlM>ut 900 species are known. 

Series T. MierembryesB. — Perianth mostly wanting. Ovules few. 
Embryo minute, in copious endosperm. 

Order 22 (Monimiacefle), Order S^, the Nutmegs (Myristicacese), and 
Order 24 (Chlornnthacese) are aromatic trees and shrubs of hot 
climates, about 250 species in all. 

Order 24a. The Peppers (PiperacesB) are herbs, shmbs, or small 
trees, almost confined to the tropics; generally with a pungent and 
aromatic principle. Al)Out 1000 species are known. 

Series YI. MaltiovulataB terrestres. — Perianth calyx-like. Ovary 
mostly inferior. Ovules numerous. Endosperm present. Terres- 
trial or parasitic plants. 

Order 25, the Birthworts (Aristolochiacese), Order 26, the Vine- 
rapes (Cytinaceee), curious parasites, and Order 27, the Pitcher- 
leaves (NepenthaceflB). with curiously formed pitcher-shaped leaves. 

Series YII. MultioTulatsB aquatioe. — Perianth small or none. 
Ovary superior (i e., not united with the perianth). Ovules numerous. 
Endosperm wanting. Aquatic herbs. 

Order 28, the Podostemads (Podostemacese), a small order, mostly 
tropical. 

Series VIII. CurvembryeflB. — Perianth green or colored. Ovary 
superior. Ovules few. Seeds with endosperm, containing a curved 
embryo. 

Order 29, the Buckwheats (Polygonacese), including 600 species, 
Order 30 (Batidese), and Order 30a (Phytolaccacese) are mostly herba- 
ceous, and mainly tropical. 

Order 31, the Chenopods (Chenopodiacese), 620 species of all 
climates; Order 82, the Amaranths (Amarantacese), nearly 500 species 
of wide distribution ; Order 33 (Illecebraceae) and Order 34 (Nyctagi- 
nacese), 200 or more sp(>cies, mostly tropical. All the orders of this 
series (excepting No. 80) contain many weedy plants. 

II. GAMOPETALiE. GaMOPETALOUS DICOTYLEDONS. 

Plants whose flowers generally have both sepals and petals, the 
latter more or less united. 
Here are grouped the orders containing plants showing the highest 
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development in the vegetable kingdom. They are naturally ar- 
ranged under ten cohortR, and these fall into three series. 

Series IX. Bicarpellatas. — Ovary mostly superior. Pistil generally 
composed of two carpophylls (leaves). 

LamiaXe Cohort (with irregular flowers). 

Order 85, the Mints (Labiatse); 2500, herbs or shrubs; temperate and 
warm climates. 

Order 36, the Vervains (Verbenacese); 700. herbs, shrubs, or trees, 
mostly tropical. 

Order 87 (Selaginese); 140, shrubs or herbs, mostly South African. 

Order 88 (Myoporinese); 80, shrubs or small trees, mostly Austra- 
lian. 

Personate Cohort (with irregular flowers). 

Order 89, the Acanths (AcanthacesB); 1500, herbs, mostly tropical. 

Order 40 (Pedaliacese); 40, herbs, mostly tropical. 

Order 41, the Bignoniads (Bignoniaceae); 500, mostly woody, and 
generally tropical. 

Order 42 (Oesneracese); 700, herbs, shrubs, and rarely trees, of the 
tropics. 

Order 48 (Columelliaceee); 2, small evergreen trees, of tropical 
America. 

Order 44, the Bladderworts (LentibulariacesB); 180, mostly marsh 
herbs of temperate and tropical climates. 

Order 45, the Broom-rapes (Orobanchaces); 150, parasitic herbs, 
widely distributed. 

Order 46, the Figworts (Scrophulariacese); 2000, herbs, shrubs, 
rarely trees, of all parts of the world. 

PolemonicUe Cohort, 

Order 47, the Nightshades (Solanacese); 1250, herbs or woody plants, 
chiefly tropical. ' 

Order 48, the Bindweeds (ConvolvulacesB); 800, mostly herbaceous 
climbers, chiefly tropical. 

Order 49, the Borage worts (Boraginacese); 1200, herbs, shrubs, and 
trees, widely distributed. 

Order 50, the Hydrophylls (Hydrophyllacese); 150, mostly Ameri- 
can herbs. 

Order 51, the Phloxes (Polemoniaceae); 150, mostly American herbs. 

Oentianale Cohort, 

Order 52, the Gentians (Geiitianacese); 520, herbs, common in 
mountain regions. 
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Order 68 (Loganiaoen); 860, mostly shrubs and trees of the tropics. 

Order 64, the Milkweeds (Asclepiadaoefle); 1800, mosUy herbaceous, 
chiefly tropical. 

Order 65, the Dogbanes (Apocynacese); 900, mostly trees and 
shrubs, rarely herbaceous, chiefly tropical. 

Order 66 (Salvadoracefle); 8, woody plants of hot climates. 

Order 67, the Olives (Oleacese); 280, shrubs and trees, rarely herbs, 
or temperate and tropical climates. 

Series X. Heteromer». — Ovary mostly superior. Pistil composed 
of more than two carpophylls (leaves). 

Ebenale Cohort, 

' Order 58, the Storaxworts (Styracacese); 220, shrubs and trees of 
hot climates. 

Order 59, the Ebony worts (Ebenaceae); 250, shrubs and trees of 
hot climates. 

Order 60, the Star-apples (Sapotaceae); 300, shrubs and trees of hot 
climates. 

PrimulaU Cohort, 

Order 61 (Myrsinacese); 500, shrubs and trees of hot climates. 

Order 62, the Primroses (PrimuIacesB); 250, herbs, mostly of the 
north temperate zone. 

Order 63, the Plantains (Plantaginacese); 200, herbs, widely dis- 
tributed. An anomalous order, probably to be placed here. 

Order 64, the Lead worts (Plumbaginacese); 200, mostly herbs of 
temperate climates. 

Ericale Cohort, 

Order 65 (Lennoacese); 4 or 5, herbaceous robt-parasites of Califor- 
nia and Mexico. 

Order 66 (Diapensiacese); 6 to 8, low plants, of cold regions. 

Order 67, the Heaths (Eriencese); 1700, mostly shrubs and small 
trees, a few herbs, of wide distribution. 

Series XI. Inferee. — Ovary inferior. 

CampancUe Cohort 

Order 68, the Bell worts (Cam panulacese); 1000, herbs, rarely shrubs, 
widely distributed. 

Order 69 (GoodeniacesB); 200, mostly herbaceous plants of the 
Southern Hemisphere. 

Order 70(Stylidiace8e); 100, mostly herbaceous plants of the South- 
em Hemisphere. 
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AMtercUe Cohort 

Order 71, the Composites (Compositse); }0,000 or more, mostly 
herbs, some shrubs, a few trees, of all parts of the world. 
Order 72 (Calyceniceae); 20, herbs of South America. 
Order 73, the Teasel worts (Dipsaceee); 120, mostly herbs, chiefly of 
the north temperate zone. 

Order 74(yaleriauace8e); 800, mostly herbs, chiefly of the north 
temperate zone. 

Bubiale Cohort. 

Order 75, the Madderworts (RubiacesB); 4100, trees, shrubs, and 
herbs, mostly tropical. 

Order 76, the HoDcysuckles (CaprifoliaccaB); 200, mostly woody 
plants of the Northern Hemisphere. 

III. Choripbtal^ (Polypetala). Chobifbtaloub 

DiCOTTLBDONS. 

Plants whose flowers generally have both calyx and corolla, the 
latter of separate petals. 

Although this group is here placed la»t, it is composed of plants 
which must rank as structurally lower thuu those of tlie Gamopetalae. 

8«rie8 XII. CalyciflorsB. — Calyx generally of united sepals. Sta- 
mens on the calyx- cup. Ovary frequently inferior. 

UmbeUode Cohort. 

Order 77, the Cornels (Cornacese); 75, shrubs and trees, rarely herl)s, 
mostly of the north temperate zone. 

Order 78, the Ivyworts (Araliacese); 340, trees and shrubs, rarely 
herbs, mostly tropical. 

Order 79, the UmbeIlifers(Umbellifer8e); 1300, herbs, rarely shrubs 
or trees, mostly of the north temperate zone. 

FieoiddU Cohort. 

Order 80, the Ficoids (Ficoidese); 450, mostly fleshy herbs, chiefly 
of the tropics. 

Order 81, the Cactuses (CactacesB); 1000, succuletit hcrb<t, shrubs, 
and trees, generally leafless, all American. 

Pamflorale Cohort. 

Order 82 (Datiscaceee); 4, herbs and trees, of the Northern Hemi- 
sphere. 

Order 83, the Begonias (Begoniaoeae); 350, herbs, mostly of tropi- 
cal America. 
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Order 84. the Cucarbits (Cucurbitaceie); 470, herbs or undershrubs, 
mostly tropical. 

Order 86, the Passiou flowers (Passifloraces); 250, trees, shrubs, 
and herbs, mostly of the tropics. 

Order 86 (Turueracese); 76, herbs and shrubs, mostly tropical. 

Order 87 (lioasaceae); 100. mostly herbaceous tropical plants. 

Order 88 (Samydaceee); 150, trees and shrubs of the tropics. 

MyfiaU Cohort 

Order 89, the Onagrads (Onagraces); 300, herbs, shrubs, and trees 
of temperate climates. 

Order 90, tlie Lythrads (Lythraceae); 250, herbs, shrubs, and trees, 
mostly tropical. 

Order 91, the Me1astomads(Mela8tomacese); 1800, trees, shrubs, and 
a few herbs, almost entirely tropical. 

Order 92, the Myrtles (Myrtacese); 1800, trees, shrubs, and a few 
herbs, mostly tropical. 

Order 93 (Combretacese); 240, trees and shrubs, mostly tropical. 

Order 94, the Mangroves (Rhizophoracesd); 50, trees and shrubs, 
mostly tropical 

Bosale Cohort, 

Order 95, the Hippurids (Haloragese); 80, mostly aquatic herbs of 
wide distribution. 

Order 96 (Bruniaceae); 40, Heath-like plants of South Africa. 

Order 97, the Witch-hazels (Hamamelacese); 30, shrubs and trees, 
mostly of warm climates. 

Order 98, the Sundews (Droseracese); 110, mostly bog-herbs, widely 
distributed. 

Order 99, the Cras8ulas(Crassulacese); 400, usually succulent herbs 
or shrubs, of temperate and warm climates. 

Order 100, the Saxifrages (SaxifragacesB); 450, trees, shrubs, and 
herbs, of temperate and cool climates. 

Order 101. the Roseworts (Rosaceae); 1000, herbs, shrubs, and trees, 
distributed throughout the world. 

Order 102, the Leguminous Plants (Leguminosse); 6500, herbs, 
shrubs, and trees, distributed throughout the world. 

Order 103 (Connaracece); 140, trees and shrubs of tlie tropics. 

Series XIII. DisoiflorsB. — Calyx of distinct or united sepals. Flow- 
ers usually with a conspicuous disc (i.e., broadened and thickened 
receptacle). Stamens on or at the base of the disc. Ovary supe- 
rior. 
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SapindcUe Cohort. 

Order 104 (Moringese), and Order 105 (Coriarieae); each with 3-4 
species of woody plants, mostly of the old world. 

Order 105, the Anacards (Anacardiaceae) ; 450, trees and shrubs, 
mostly tropical. 

Order 106 (Sabiacese); 32, trees and shrubs, mostly tropical. 

Order 107, the Soap worts (ISapiudaceae); 600 to 700, trees and 
shrubs, rarely herbs, widely distributed. 

CelaatrcUe Cohort . 

Order 108, the Vines (Ampelideoe); 350, mostly climbing shrubs of 
temperate and hot climates. 

Order 109, the Rhamnads (Rhamnacese); 430, trees, shrubs, rarely 
herbs, of temperate and hot climates. 

Order 110 (StackhousietB); 20, small herbs, mostly Australian. 

Order 111, the Spindle- trees (Celastracese); 400, small trees and 
shrubs of temperate and hot climates. 

Olaeale Cohort. 

Order 112 (Cyrillaceffi); 8, trees and shrubs of the hotter parts of 
America. 

Order 113, the Hollies (Ilicinese); 150, trees and shrubs of temper- 
ate and hot climates. 

Order 114, the Olacads (Olacinese); 170, trees and shrubs, mostly 

of the tropics. 

Oeraniale Cohort. 

Order 115 (Chailletiacese) ; 38, trees and shrubs of the tropics. 

Order 116, the Mcliads (Meliacese); 270, trees and shrubs of the 
tropics. 

Order 117(Burserace8e); 145, trees and shrubs of the tropics. 

Order 118 (Ochnacese); 140, trees and shrubs, mostly of the tropics. 

Order 119, the Quassiads (Simarubacese); 112, trees and shrubs of 
the tropics. 

Order 120, the Rueworts(Rutace8B); 650, trees, shrubs, rarely herbs, 
of tropical and temperate climates. 

Order 121, the Cranesbills (GeraniacetB); 750, mostly herbaceous 
plants of temperate and warm climates. 

Order 122 (Zygophyllacese); 100, shrubs and herbs, rarely trees, of 
the tropics. ' 

Order 123 (Malpighiacese); 580, trees and shrubs, mostly of the 
tropics. 

Order 124 (Humiriacee?); 20, balsamic trees and shrubs of the 
tropics. 
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Order 126, the Flax worts (Linaceie); 185, herbs, shnibs, and a few 
trees, in temperate and tropical climates. 

Series XIT. Thalamiflorg. — ^Calyx usually of distinct sepals. Pet- 
als and stamens usually growing on the flower-receptacle. Ovary 
superior. 

MaltaU Cdh<ni. 

Order 136, the Lindens (Tiliacese); 880, trees, shmbs, rarely herbs, 
mostly tropical. 

Order 127, the Sterculiads (SterculiaoesB); 520, herbs, shrubs, and 
trees, almost entirely tropical. 

Order 128, the Mallow-worts (Malvaceae); 700, herbs, shrubs, and 
trees, widely distributed. 

OutHferaU Cohort. 

Order 129 (Chlienacefle); 8, shrubs and trees of Madagascar. 

Order 180 (DipterocarpesB); 112, resinous trees, rarely shrubs, of 
the tropics. 

Order 181, the Theads (Temstroemiaceffi); 200, trees and shrubs, 
mostly tropical. 

Order 182, the Quttifers (QuttifersB); 280, resinous trees and shrubs 
of the tropics. 

Order 188, the St.-John'sworts (HypericacesB); 210, herbs, shrubs, 
rarely trees, of warm temperate climates. 

Older 134 (£latinaces); 20, marsh -herbs, widely distributed. 

CaryophyUaiU Cohort. 

Order 185, the Tamarisks (TamariscinesB); 40, mostly shrubs of the 
warm temperate zone. 

Order 186, the Purslanes (Portulacaceae); 125, herbs and a few 
small shrubs, widely distributed. 

Order 187, the Pinkworts (CaryophyllaceeB); 800, herbs, widely 
distributed. 

Order 188 (Frankeniaceie); 12, maritime herbs and shrubs of warm 
temperate climates. 

PolygcUaU Coluni. 

Order 189 (Vochysiaoese); 100, resinous trees and shrubs of tropi. 
cal America. 

Order 140, the Milkworts (Polygalaceae); 400, mostly herbs of warm 
temperate climates. 

Order 141 (Tremandrese); 24, Australian shrublets. 

Order 142 (Pittosporacese); 90, shrubs of hot climates. 
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Parietale Cohort. 

Order 148 (Bixineee); 160, trees and shrubs of the tropics. 

Order 144 (Caoellacese); 4, trees of tropical America. 

Order 145, the Violets (Yioluceae), 240, herbs, shrubs, and a few 
trees of temperate and tropical climates. 

Order 146, the Rock-roses (Cistaceae); 60, herbs and shrubs of tem- 
perate climates. 

Order 147, the Resedads (Resedacese); 30 to 40, herbs and a few 
shrubs, mostly of the Mediterranean region. 

Order 148, the Capparids (CapparidacesB); 800, herbs, shrubs, rarely 
trees, of tropical or subtropical regions. 

Order 149, the Crucifers (Cruciferse); 1300, herbs and a few low 
shrubs, widely distributed. 

Order 150, the Fumeworts (Fumariacese); 100, herbs of warm tem- 
perate regions. 

Order 151, the Poppy worts (Papaveraceffi); 60, herbs and a few low 
shrubs, mostly of the north temperate zone. 

Order 153, the Pitcher-plants (Sarraceniacese); 8, American herbs. 

Banale Cohort, 

Order 158, the Water-lilies (NymphaBacese); 85, aquatic herbs, 
widely distributed. 

Order 154, the Berberids (Berberidacese); 100, herbs and shrubs of 
temperate climates. 

Order 155, the Moonseeds (Menispermaceae); 80, woody twining 
plants, mostly tropical. 

Order 156, the Anonads (Anonaceae); 400, trees and shrubs, mostly 
tropical. 

Order 157, the Magnoliads (Magnoliaceae); 70, trees and sbnibs, 
mostly of warm climates. 

Order 158 (Calycanthaceae); 8, shrubs of North America and Japan. 

Order 159 (DilleniaceaB); 180, mostly shrubs, which are chiefly 
tropical. 

Order 160, the Crowfoots (Ranunculaceae); 640, herbs and a few 
shrubs of temperate and cool climates. 

535. If we glance over the foregoing assemblage of 
plants, we are at once struck with their great diversity of 
structure, both as regards the flowers and the general plant- 
body. The extreme of simplicity is reached, perhaps, in 
the Podostemads; and these small aquatics, almost desti- 
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tnte of fibro-vasoular buodles and with minnte flovera of 
Bimple strnoture, may be coutrasted with the Heaths, Com- 
positea, and Madderworts. The highest development, all 
things comudered, is undoubtedly reached in the Compos- 
ites: this is indicated by the number and variety of their 
tissues, the high differentiation of the epidermal structoreB, 
the aggregation of their flowers into heads, and these 
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often into seoondary' clasters; by the union of the parts 
of the flower; by its inferior ovary with its single ovule; 
its well-developed embryo; as well as by many other 
things which we have not space to explain here. 

S36. As to the arrangement of the Dicotyledons, it is 
probable that a natural disposition of the orders would 
place the Choripetalw below the Gamopetalte, the latter ex- 
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bibiting several dive^ent gronpa, the one containiDg the 
Aaterale Cohort rising highest. Iq SDch an arrangement 
the orders of the Apetalse would be placed as degraded or 
simplified ofiFsboota mainly from the Choripetaka, while a 
few woald doubtless be regarded aa directly lower than 
and preceding the latter group. 

637. A great niany Dicotyledons show adaptations for 
pollination by insect 
agency, and it is safe to 
say that more than half 
the species are more or 
[ess dependent npoii the 
visits of insects in order 
that their ovules may be 
fertilized. In a general 
way it may be said that 
the showy flowers with 
a bright calyx or oorol- no.iM.-ThiiChe 
la, or both, are polunated 
by insects, while those without showinesa are wind-polli- 
nated, or close-fertilized. The plants of the Apetalous 
orders are for the most part not visited by insects; few of 
them have bright colors, and few produce neotar. 

536. The simpler Choripetalie, as the Crowfoots (Fig. 
143) and their near allies, attract insects by their showy 
perianth, and the nectar they secrete. Cross-fertilization 
is generally secured by a difference in the time of maturity 
of stamens and pistils (i.e., by dichogamy), apparently, 
however, often permitting close fertilization. The same 
is true in general of most of the regular flowered Chori- 
petalte. Thus in the Roseworts (Fig. 144), while nectar is 
nsQally abundant and the flowers are generally sweet- 
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scented u well aa showy, their regalarity of form prevents 
perfect croBS-pollination. HoTever, as the flowers are 
geoerally in clneters, it nsoally happens that ihe pollen 
from one flower is carried to the stigmas of another. The 
attract! ven ess of the flowers is snob that through the visits 
of great numbers of insects the large amoont of pollen is 
pretty well distributed upon other stigmas. 

639. In the nearly related Legnminous Plants, as beans, 
peas, clover, lupines, etc., the perianth is not regular. 
There are three forms of petals in each flower, viz., one 




Fio. 145.— Flower at Dead-nettle, dde Ttew and lertfcal 



large broad one, the "banner," two lateral ones, the 
"wings," and two anterior ones which together form the 
" keel." I'bese all together form a structure enclosing the 
stamens and pistil in such a way that an insect cannot get 
any of the nectar at the base of the corolla without setting 
free some of the pollen, which adheres to the hairs of its 
body and is thus carried to the stigma of some other flower. 
S40. In the Gamopetal% the union of petals into a tube 
serves to compel insects to visit the flower in one way only. 
In the Mints (Fig. 145) the flower is two-lipped, the broader 
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lip UBnally serving as a resting-place for the insect while it 
throstB its head or tongue into the corolla. The upper lip 
is freqaently arched bo as to contain the stamens and style. 
In the Dead-nettle the stigma projects beyond the stamens 
(Fig. 145), so that upon visiting successive flowers the in- 
insect always first pollinates the stigma with pollen from 
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preceding flowers, and then coming in contact with (he 
stamens secures more pollen. In many plants with a sim- 
ilar structure the stamens mature before the stigmas are 
ready for pollination, so that in these, while the means for 
cross-pollination are perfect, self-fertilimtiou is rendered 
impossible. 
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541. In the CompositflB (Fig. 146) the fire anthers are 
united into a ring or tube around the style. The pollen 
escapes from the inner side of the anthers into the anther- 
tube, and at this time the immature style is short. As the 
latter grows it pushes up through the anther-ring, carrying 
the mass of pollen with it. Insects yisiting the flowers for 
nectar at this stage rub off the little piles of pollen from 
the top of the stamen-tubes, and coming in contact after- 
wards with the expanded stigmas of other flowers, some of 
the pollen is left upon them. 

542. After the pollen is set free the style elongates still 
more, and finally the two lobes of the stigma open out and 
are ready for pollination. This development takes place 
beginning at the outer rows of flowers in each flower-head 
and proceeds towards the centre. Thus at any time in 
any blooming flower-head, as of the Sunflower, there may 
be seen a ring of pollen-bearing flowers and outside of it 
a ring of flowers with expanded stigmas. In some Com- 
posites, in addition to these structural peculiarities, the 
stamens are sensitive, and when touched will suddenly 
contract, drawing the anther-tube down and ejecting pol- 
len. This may easily be seen by passing the finger quickly 
across the top of a thistle-head when in full bloom. 

543. The foregoing must serve to direct the student to 
the careful observation of the flowers of Dicotyledons. 
He should remember Lubbock's remark that ^^ it is probable* 
that all flowers which have an irregular corolla are polli- 
nated by insects," and to this he may well add that it is 
equally probable that all tubular flowers are likewise polli- 
nated by insects. 

544. Among the interesting things to which attention 
has been directed during the past few years is that of the 
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InseotivoroiiB habits of certain plants. Here again no more 
than a fragment oan be given, barely enotigh to introduce 
the student to the subject. 
&4fi. Many plants catoh insects by means of their sticky 
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glandular hairs, or glandular surfaces upon their stems or 
leaves. This may be readily seen by examining a petunia 
or tomato stem, or the sticky belts on the stems of varioua 
species of Catchfly, or the sticky spots on the bracts sur- 
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roQuding the flower-heads of some thistles. Whether the 
small inseots thus canght are made use of by the plants in 
any way is as yet nuoertain. 
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540. In the Sundews (Fig. 147), which are common little 
bog-plants, the leaves have many stalked glands which 
secrete a sticky substance. These glands are sensitive, and 
when an insect comes in contact with one or more of them 
and is held fast, the others slowly bend towards the insect, 
and the leaf itself rolls up, completely surrounding the un- 
fortunate victim. An acid fluid is produced by the glands, 
and by this the insect is dissolved and afterwards absorbed 
by the leaf -tissues. In midsummer it is no uncommon 
thing to find several of these leaves with insects upon 
them. 

547. The Carolina Fly-trap (Fig. 148), or Venus*s Fly- 
trap as it is frequently called, is one of the most remarka- 
ble plants known. It is a native of a small district near 
Wilmington, North Carolina, but is now grown considera- 
bly as a curiosity in conservatories. Each leaf has a 
rounded blade fringed on the sides with a row of stiff 
points or spikes. Upon each half of the leaf 'there are 
generally three sensitive hairs, and when these are touched 
the sides quickly close together, and the stiff marginal 
spikes interlock like the teeth of a rat-trap. '^ The upper 
surface of the leaf is thickly studded with minute glands 
of a reddish or purplish color" (Darwin). These secrete 
an acid fluid which has the power of digesting insects and 
other nitrogenous matters. When an insect happens to 
alight upon a leaf and touches one of the sensitive hairs 
the trap closes so quickly upon it that it is almost invaria- 
bly caught and securely held, its struggles only serving to 
increase the vigor of the grasp in which it is held. After 
a while the digestive fluid is poured out by the glands, and 
in this the insect is gradually dissolved. In this way the 
leaf -tissues absorb the insect, and are doubtless nourished 
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by it. After ft time a leaf whioh has caaght and digested 
an iaseot opens agun and is ready for another. In this 
connection the student may profitably read Mr, Darwin's 
interesting book, " InBeotiTorous PUntB," pnblished in 1875. 
S48. A qnite different class of inBeot-catcfaing {4ant8 is 




represented by the Pitcher-plants of variouB kinds. In the 
Common Pitcher-plant, which grows in marshes in the 
Northern and Eastern United States, the leaves are dilated 
into tubular or pitcher- shaped cavities (Fig. 149), oont^n- 
ing a watery flaid. The upper part of the leaf is reddish 
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in color, and doubtless this attracts insects. MoreoTer this 
upper part is covered with minute stiff h&ire, which point 
downward; they also cover the upper part of the inner 
surface of the cavity, and probably have not a little to do 
with the entrance of insects into the fatal pitcher. How- 
ever this may be, many insects are found drowned, and in 
all st^es of decomposition, in the 
fluid in the pitchers. Other spe- 
cies in the Southern States have 
a lid-like cover which prevents 
the entrance of rain, and in some 
species drops of nectar have been 
found upon the outside of the 
pitcher, forming a trail to lure 
insects to its edge. 

649. The California Pitcher- 
plant (Fig. 150) resembles the 
foregoing, but its arched leaves 
have a curious forked appendage 
hanging down from the edge of 
the orifice, which is here on the 
under sideof the arch. This ap- Fio.iHO.-TheCUifomtoPiteh- 

noTK^nirp >h morn nr Iwm l-nVPTfA er-I*""* (DnrilngUjni* caUfornl- 

penaage IS more or less coverea ca),aiKminKie»ve««ndft flower, 
with a sweet secretion which lures *'^"' "^ """^ ""'"^ '^ 
insects. Probably this is made more effective by the red- 
dish or purplish color of the appendage, giving it at a dis- 
tance no little resemblance to a flower. The watery fluid 
inside of the leaf always contains the remiuns of many 
insects. 

560. Various species of Nepenthes (Fig. 151) occur in 
the East Indies. I'he leaves are prolonged into a slender 
tendiil-lifce organ, upon whose extremity there develops a 




hoUoT closed body, which finally becomea open hj the 
lepuatioD of a hinged lid (Fig. 151, d, e,f). In the cavi- 
ties of these pitchers a watery, slightly acid fluid is secreted; 
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upon their borders are secreted honey or nectar drops, 
which attract insects, and these falling into the fluid within 
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are soon diaeolved bf it, and tben absorbed by the plant 
for its nonrishment. 

551. An Anstraliiui plant related to the Saxifrages pro- 
dnces remarkable pitchers. It is a low plant with a rosette 
of leaves upon the ground; some of these resemble the 
covered pipes nsed by many Frenchmen (Fig. 152). The 
border of the pitcher is incarved and presests an obstacle 
to the egress of insects, which are no donbt thus captured. 




Fio. IBS.— LeaTca of AuBtrkllan Pilcher-pluit (Ceph&lotuB). Natural siie. 

S52. There is a close connection between the ornamental 
value of a plant and the perfection of its flower as a mech- 
anism to secnre pollination by means of insects. In other 
words, those things in a flower which are attractive to in- 
sects are, as a rule, attractive to us also. Thus the large, 
brightly-colored perianth and the sweet scent of the wild 
rose, which serve to secure the visits of insects, are like- 
wise attractive to us. 

653. The Apetalce are thus of low ornamental value in 
BO far as th«r flowers are concerned. The Qamopetalie 
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tad Choripetala, however, f omiah many fine flowers which 
have long been favorite ornaments in gardens and con- 
servatoriea. Thos the Verbenas, Phloxes, Heliotropes, 
Primroses, Azaleas, Rhododendrons, Heaths, Bellflowers, 
Honeysuckles, and great nambers of Composites may be 
taken to represent the ornament^ members of the Gamo- 
)>etal». And so the Passion-flowers, Roses, Lupines, Wis- 
tarias, Hallows, Camellias, Pinks, Violets, Alignonettea, 
Poppies, Water-lilies Buttercups, and Columbines may be 
taken ae repreaentativea of the ornamental Choripetalce. 




Via. 1E3.— A Water-lflr {Mdumbinm lutaum). One tliird 



B54. Economically the Apetalie, Oamopetaln, and the 
ChoripetaUe are of very different rank. Thna while the 
first supplies us with very little food aside from the floury 
seeds of Buckwheat and the oily nuts of the Hickories, 
Walnuts, Hazels, Chestnuts, and a few others, it furnishes 
us the great bulk of our hard-wood timber in the wood of 
the Elms, Hackberries, Walnuts, Hickories, Oaks, Beeches, 
Chestnuts, Birches, Willows, Poplars, and Plane-trees, To 
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the Apetabe also the urorld is indebted for that exceedingly 
valuable sabstance, India-rabber, which is obtained from 
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the milky juice of several tropical trees related to the 
14'ettleB and the Spurges. 
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6S6. The Qamopetalsa are of higher Talne as food-fur* 
nishera, supplying us with the Potato, Tomato, Sweet- 
potato, Artichokes, Olives, HnckleberrieB, Cranberries, 
Coffee. Of timber, the Catalpa, Ebony, and Ash are the 
more important of those in common oae. 

SSd. The Choripetalie contain more plants which supply 
us with food than either of the preceding. Thus we have 
from these Parsnips, Carrots, Cucumbers, Helona, Squashes, 
Pumpkins, Apples, Pears, Strawberries, Blackberries, 
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Raapberriee, Plame, Peaches, Cherries, Beans, Peas, Orapes, 
Cabbage, Turnips, Badishes, and Tea. From this gronp 
we get flax and cotton, two of the most important fibres 
in the world. The timber-trees of most importance are 
the Maples and the Lindens, the Magnolias and the Tulip- 
trees. 

657. The two drugs of greatest value medicinally, viz., 
opium and quinine, are famished respectively by the 
Choripotalffi and Gamopetalfe. 
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AOANTHACEJ&, 257 

Icautbs, 257 
Aclilamydosporeffi, 255 
Acids, 88 

Acids in Cell-sap, 14 
Acorus, bundle, 44 (fig.) 
Adder-tongues, 203 
Adiantum, 203 
Adiantum, 202 (fig.) 
uEddiospores, 172 
uEcidiura, 172 
Agaricus, 179 
Agatiiis, 225 

Ailanthus, tissue, 53 (fig.) 
AMc-rs, 255 
Ale u rone, 11 
AlisnincesB, 243 
Alkuloiils, 83 

Alternutioniof Generations, 194 
Amadou, 179 
Amanmtaceae. 2<>6 
Amaranths, 256 
Amaryllidticese, 244 
Amarylllds, 244 
Ampelideee, 261 
Anncardiacese. 261 
Anacards, 261 
Andrseacese, 192 
Anemophilous Flowers, 234 
Angiospermte, 225 
Angiosperms, 225 
Anonaceffi, 263 
Anonads, 263 
Ahtherld, 130 
Antheridium, 130 
Antlierozoids, 180 
Anthers, 214 
Anthoceros, 187 (fig.) 
Anthocerotcffi, 187 



Apetalte (orders of), 254 

Apetalous Dicotyledons, 254 

Apical Cell, 30 

Apocarpeae, 243 

Apocynaceee. 258 

Apothecia. 167 

Appendages, 158 

Apple-blight, 160 

Apples, 278 

Araliaceee, 259 

Araucaria, 225 

Archegoue, 186 

Archegonium, 186 

ArisloTochiacese, 256 

Arislolochia, vessels, 24 (fig.) 

Aroidese. 243 

Aroids, 243 

Arrangement of Dicotyledons, 
264 

Artichokes, 278 

Ascl, 155 

Asclepiadaceffi, 258 

AsGomycetes, 155 

Ascophylium, 147 

Ascospores, 155 

Ash, 278 

Aspidium. 203 

Aspldium. 202 (tig.) 

Asplenium, 203 

Asplenium. 202 (fig.) 

Assimilation, 79 

Assimilation and Metastasis, re- 
sults of, 84 

Asterale Cohort, 259 

Austrian Pine. 223, 224 

Autogamous Flowers, 234, 235 

Autogamy, 236 

Azaleas. 276 

Azolla, 205 
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Bacillub, 110 

Bacillus. 109 (flg.) 

Bacteria, 6. 108 

Bacteria of diseases, 110 

Bacterium, 110 

Bacterium, 109 (fig.) 

BalauopboreiB. 255 

BalanopsesB, 255 

Balsam, tissues, 4, 23 (figs.) 

Bananas, 244, 251 

Bark, 240 

Barley, 249 

Basidia, 175 

Basidlomycetes, 175 

Basidiospores, 177 

Bast, 18 

Batides. 256 

Beans, 278 

Bean, field. 253 

Bean. Windsor. 251 

Beeclies, 255. 276 

Beefwoods. 255 

Beet-crystals. 12 (fig.) 

Begoniacese, 259 

Begonia, tissue, 16 (fig.) 

Begonias, 259 

Bellflowers. 276 

Bellworts, 258 

Berberidacese, 263 

Berberids. 263 

Bicarpellatse. 257 

Bignoniacese. 257 

Bignoniads. 257 

Big-tree. 224 

Big-tree of California, sieve-tube, 

22 (fig.) 
Bindweeds, 257 
Birches. 255. .276 
Birch, lenticel, 54 (fig.) 
Birds'-nest Fungus, 177 
Birthworts, 256 
Bittersweet, embryo, 231 (fig.) 
Bizinese, 263 
Blackberries. 278 
Black Blast. 175 
Black Fungi. 163 
Black Knot. 163 
Black Moulds, 124 
Black Rust, 172 
Bladder-fern. 203 
Bladderworts, 257 






Blights, 155 

BlcxKiworts, 244 

Bloom. 35 

Blue Moulds, 160 

Bog-mosses, 193 

Borageworts, 257 

Boraginacese. 257 

Botrychiuin, 205 

Botrychluui. 204 (Og. 

Bracts, 62 

Brake, 203 

Brake-fern, bundle, 47 

Brake, tissue. 17. 24, 48 (figs.) 

Bmnches of the Vegeiublt; Kiv>g- 

dom. 98. 99 
Branching, modes of, 65 
Breathing-pores, 37 
Bristles. 63 
Bromeliaceffi, 244 
Broom rapes, 257 
Bruuiucese. 260 • 

Bryaceffi, 192 
Bryophyla, 183 
Bryophytes, 183 
Bryuni, 192 
Buckwheat, 276 
Buckwheats. 256 
Bud-cups, 184 
Buds. 184 
Bulb axes. 62 
Bundle-sheath. 45 • 
Bunt, 175 

Burmanniacese. 245 
Burseraceae, 261 
Buttercup, study of, 286 
Buttercups, 276 

Cabbage, 278 

Cactacese. 259 

Cactuses. 259 

Caffeine. 83 

Calamaricse, 199 

Catamites, 199 

California Pitcher plant, 273 

Calla-lily. 249 

Caltha. flower, 264 (flg.) 

Calycanthaccee. 263 

Calyceraceee. 259 

Calyciflorse, 259 

Calycinse, 244 

Calyptra, 191 
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Calyx. 226 # 

Cambium, 44, 49 
Campanale Cohort, 258 
Campanulacese, 258 
Camptosoriis, 203 
Canellacese, 263 
Cane-sugar, 13, 81 
Capparidaccse, 263 
Capparids, 263 
Capri foliacfse. 259 
Capsella, embryos, 230 (fig.) 
Capsule, 191 
Carolina Fly-trap, 271 
Carpels, 62 
Carpogone, 149 
Carpogoniuni, 149 
Carpophylls, 214 
Carpophyta, 148 
Carpoplivten, 148 
Carrots, 278 
Caryophyllucese, 262 
Caryopliyllale Cohort, 262 
Castor-oil Plant, bundle, 42 
Castor-oil Plant, bundle, 42, 43 

(figs.) 
Castor-oil Plant, 258 
CasuarinesB, 255 
Catalpa, 278 
Catchfly. 269 
Cat-tail Flag, 243 
Cat-tails, 243 
Caulome, 60, 61 
Cedar-apples, 178 
Cedars, 224 
Celastracese, 261 
Celastrale Cohort, 261 
Cell-division, 7 
Cell-fission, 7 
Cell sap, 13 
Cellulose, 4 
Cell-union, 7 
Cell-wall, 4 
Centrolepideae, 243 
Cephalotus, 275 
CephalotuH. 275 (fig.) 
Ceratophyllacese, 254 
Chsetocladium, 129 
Chailletiaceffi, 261 
Chara, 182 
Chara, 181 (figs.) 
Charace». 180 



CharesB, 182 

Ckftrt showing distribution of 

pTanU in Geological Time, 103 
Chemistry and Physios of Plants, 

68 
Chenopodiacese, 256 
Chenopods, 256 
Cherries, 278 
Cherry-blight, 160 
Chestnuts, 255, 276 
Chlsenacese, 262 
Chloranthacese, 256 
(Chlorophyll, 8 
Choripetalffi, 259 
Choripetalous Dicotyledons, 259 
Chro&coccus, 112 
Cinchonin, 83 
Circinately. 202 
Circulation of Sap. 75 
Circumnutation, 91 
Cistacese. 263 
Citric Acid, 83 
Cladophora, 117 
Classes of Plants, 98 
Classification and Distribution, 

97 
Cla^tonia, 237 
Cleistogamous Flowers, 236 
Clematis, 240 

Clematis, bundles, 239 (fig.) 
Climacium, 193 
Climbinsr Fern, 203 
Closed Bundles, 49 
Close Fertilization, prevention of, 

235 
Closterium, 128 
Closterium, 120 (fig.) 
Club-fungi, 178 
Club-moss, bundle, 46 
Club-moss, bundle, 46 (fig.) 
Club-mosses, 208 
Cluster-cup, 170 
Cocoanut-palm, 250 
Coffee. 278 

Coffee, embryo, 231 (fig.) 
('oeloblafttese, 135 
Coleochsete, 149 
ColeoclisBie, 150 (fig.) 
Coleochsetese, 149 
Collateral Bundles, 49 
Collema, 168 
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Collema, 168 (fie.) 
Collenchyma, lo 
Columbiues, 276 
Columella, 136 
ColumelliacesB, 257 
CombretaceiB. 260 
OommeliuRct'se. 244 
Common Buudles, 238 
CompositflB, 259 
Composites. 259 
CoDcentric Bundles, 49 
Concept acles, 144 
Conidia. 189 
Coni ferae, 224 
Conifers. 224 
Conjugate, 119 
Connaraceffi, 260 
Connective, 227 
Conyolyulac(*8B, 257 
Corallina, 152 (fig.) 
Coriarieffi, 259 
Cork, 53 

Cork-cambium, 54 
Corms, 62 
CornacesB, 259 
Cornels, 259 
Corolla, 226 
CoronariesB, 244 
Cosmarium, 120 (fig.) 
Cotton, 278 
Cotyledons, 210. 219 
Cranberries, 278 
Crauesbills, 261 
Crassulacese. 260 
Crassulas, 260 
Crocus, 249 
Crowl)erries, 254 
Crowfoots. 263 
Crown-imperial, 249 
Crown-imperial Cells, 1 (fig.) 
Cnicibulum, 177 
Cruci ferae. 263 
Crucifers, 263 
Crystals, 12 
Crystal worts, 187 
Cucumbers, 278 
Cucurbitaceae, 260 
Cucurbits, 260 
Cup-funi?i, 161 
Cups, 63 
Cupuliferae, 255 



Cai^embryen, 256 
Cuticle, 85 
Cyanophyceae, 112 
Cyathus, 177 
Cyathus, 177 (fig.) 
Cycadnceae, 223 
Cycatls. 223 
Cyclautliaceae, 244 
Cylindrothecium, 198 
Cyperaceae, 243 
Cyrillaceae, 261 
Cystopteris, 203 
Cystopus, 140 
Cystoseira, 147 
Cytinaceae, 256 

Daffodils, 249 

Daphnads, 256 

Dapbnales, 255 

Darlingtonia, 273 (Hg.) 

Darwin's book cited, 249, 272 

Darwin quoted, 271 

Date-palm, 251 

Datiscaceae, 269 

Day-lilies. 249 

Dead-nettle, 267 

De Bary's Clusslficatlon of Bun- 
dles. 49 

Desmidiaoeae. 119 

Desmids, 119 

Devirs Apnm. 118 

Diagram of Clasi^ificatioo, 99 

DinpensiacesD. 258 

Diatomaceae, 121 

Diatoms, 121 

Dichogamy, 237 

Dicliotomous Branching. 65, 66 

Dichotomy, forms of, 66 

Dicotyledones, 251 

Dicotyledons, 251 

Dicotyledons, number of species, 
253 

Dicranum, 192 

Diffusion of Food, 79 

Digestion and Use of Starch, 81 

Dilleniaceae. 263 

Dimorphism of Flowers, 237 

Dioecious, 191 

Dionaea. 270 (flg.) 

Dioscoreacese. -244 

Dipsaceae, 259 
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Dipterocurpcse, d8!^ 
Discillorse. 260 
Dispersion of Seeds, 283 
Distribution of Plants, 100 
Districts of Vegetation, 100 
Division of Cefls, 7 
Dogbanes, 258 
DroseracesB. 260 
Duckweeds, 248 
Duration of Plants, 102 
Dutch man's Pipe, vessels, 24 (fig.) 
Dutch Rush, 198 

Ear-fungi, 179 

Earth-stars, 177 

EbenacesB, 258 

Ebenale Cohort, 258 

Ebony, 278 

Ebonyworts, 258 

Economic value of Dicotyledons, 
276 

Economic value of Monocoty- 
ledons, 249 

Echinocystis, epidermis, 88 (fig.) 

Egg-spore Plants, 180 

ElseagnacesB, 255 

Elaters, 187, 197 

Elatinacese, 262 * 

Elms, 255, 276 

Embryo, 215 

Embryo-sacs, 68, 214 

EmpetracesB, 254 

Endosperm, 215 

Entomophilous Flowers, 284 

Entomophthora, 189 

EntomophthoresB, 189 

Epidermal System of Tissues, 
88 

Epidermis, 84 

Epi^nse, 244 

Equilibrium of Water, disturb- 
ance of, 70 

Equilibrium of Water in Plants, 



Equisetaceffi, 198 
Equisetinee, 195 
Equisetum, 198 
Equisetum, 196 (fig.) 
Ergot, 165 
Ericaceae, 258 
Ericale Cohort, 268 



Eriocaulonacese, 248 
Erysiphe, 160 
Erysiphe, 156, 157 (figs.) 
Euphorbiaceffi, 255 
Euphorbia, milk-tubes, 19 (fig.) 
Eurotium, 158 
Eurotium, 159 (fig.) 
Evaporation of Water, 71 

Fbbn-bundlb, 47 
Ferns, 199 
Ferns. True, 201 
Fernworts, 194 
Fertilization in — 

Angiosperms, 229 

Bryophytes. 187-191 

Carpophytes, 148 

Gymnosperms, 219 

OOphytes, 180 

Phanerogams, 215 

Pteridophytes, 198 
Fibrous Tissue, 17, 27 
Fibro- vascular Bundles, 40 
Fibro-vascular System of Tissues, 

40 
Ficoidale Cohort, 259 
Ficoideffi, 259 
Ficoids, 259 
Field-bean, 253 
Figs, 255 
Figworts, 257 
Filament of Stamen, 287 
Filices. 201 
FilicinsB. 199 
Firs, 224 
Fissidens, 192 
Fission of Cells, 7 
FlagellariesB, 244 
Flax, 278 
Flax, 277 (fig.) 
Flaxworts, 262 
Flora, 100 

Floral Envelopes, 62 
Florideffi. 151 
Flower- axes, 62 
Flowering-fern, 208 
Flowering^Plants. 212 
Flower, plan of, 226 
Flowers, 214 
Flow of Water (Sap). 75 
Fly.fungus, 189 
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Ply-trap, 871 

Fontinalis, 198 

FoDtinulU, tissue, 80 (fig.) 

Food, imbibition of, 2 

Forage-grusses, 290 

Fossil PlauU, 102 

Fraukeotacese, 262 

Free Veins. 200 

Freezing of Plants, 88 

Fro^Vbits, 245 

Fruiting-leaves, 214 

Fruits. 288 

Fucaceae. 148 

Fucus, 144. 147 

Fuligo, 108 

Fuligo, 107 (fig.) 

FumariaceflB, 268 

Fumeworto, 268 

Funaria, 192 

Fundamental System of Tissues, 

51 
Fungi, 148. 155 

Oaleworts, 255 
Qamopetalae. 256 
Gamopetaious Dicotyledons, 256 
Gasteromycetes, 176 
Geaster, 177 
GemmsB, 184 
Generalized Formo, 59 
Geutianacese, 257 
Gentianale Cohort, 257 
Gentians, 257 
Geological Distribution of Plants, 

102 
(Georgia Pine, 224 
Gkotropism, 98. 94 
GeraniacesB, 261 
Geraniale Cohort. 261 
German Tinder, 179 
Germ-cell, 180 
Germination of — 

Angiosperms, 282 

Dicotyledons, 251 

GymnoMK'rms. 219 

Indian Corn, 242 

Monocotyledons, 242 
Gesncriicese, 257 
Giant Puff ball, 177 
Gladiolus. 249 
Glands, 68 



Glandular Hairs, 37 
Gksocapsa. 112 
GicBocapsH, 112 (fig.) 
Glucose, 18, 81 
Glumaceie, 248 
Gnetacese. 225 
Golden Fern, 208 
GoodeniacesB, 258 
Goo^foot. embryo, 281 (fig.) 
Grain-smut, 175 
Graminese, 243 
Grape- blight. 160 
Grape-niililew, 148 
Grapes, 278 
Grape-sugar, 18 
Grass-blight, 160 
Grasses. 248 
Gray Mosses. 166 
Green Felt, 185 
Green Felt, 186 (fig.) 
Green Slime, 6. 118. 160 
Green Slimes. 112 
Ground-pine, 209 
Grouping of Plants, 97 
Groups of Tissues. 32 
Growing-point, 81 
Guard-cells, 87 
Gulf-weed, 147 
Gum-canals. 58 
Guttiferse, 262 
Guttiferale Cohort, 263 
Guttifers, 262 
Gymnogramme. 208 
Gymnospcrmae, 215 
Gymnosperms, 215 
Gymnosporangiuni, 172 

Hackberries, 255, 276 
Hsemodorncese, 244 
Hair-cap Moss, 192 
Hairs. 86, 68 
Halidrys, 147 
Halorageee, 260 
Hamamelacese, 260 
Haustoria. 189 
Hazels, 255, 276 
Heaths, 258. 276 
Hedera. tissue. 57 (fig.) 
Heliotropes, 276 
Heliotropism, 92, 94 
Helvellaceae, 161 
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Hemp, ^5 
Hepaticse, 188 
Herbarium-mould, 158 
Heteromerse, 258 
Hickories. 276 
Hickory-nut, tissue, 17 (fig.) 
Himautlialia, 147 
Hippurids. 260 
Hollies, 261 
Honey, 235 

Honeysuckles, 259, 276 
Hops, 255 
Hop-blight. 160 
Horned Liverworts, 187 
Homworts, 254 
Horsetails, 195 
Host, 139 
Houstonia, 287 
Huckleberries, 278 
Humiriacese, 261 
Hyacinth, 249 
Hydnum, 179 
Hydrocliaridese. 245 
Hydrodictyon, 117 
Hydrophyllaceae. 257 
Hydrophylis, 257 
Hymenium, 155 
Hymenomycetes, 177 
Hyperioaceffi, 262 
Hyphse, 124 
Hypnum, 198 
Hypoderma, 53 

Ilicikbji, 261 
Illecebracefie, 256 
Indian Corn, 250 
Indian Corn, bundle, 40 
Indian Corn, embryo, 241, 242 

(figs.) 
Indian-corn Smut, 174 
Indian-corn, tissues, 3, 41, 56 

(figs.) 
India-rubber, 277 
Indusium. 202 
In ferae, 258 

Insectivorous Plnnts, 269 
Insect-pollinated Flowers, 284 
Intercellular Spaces, 55 
Internal Cell formation, 7 
Inulin, 18, 81 
Iridacese, 244 



Irids. 244 

Iris, 249 

Iron woods, 255 

Isoetacese. 210 

Isoetes, 210 

Ivy, tissue, 57 (fig.) 

Ivyworts, 259 

Joint-firs, 225 
Jonquils, 249 
Juglandacese, 255 
Juncacese. 244 
Jungermanniacese, 187 

Kauri Pine, 225 
Kelp, 118 

LABIATiB, 257 

Laburnum, trachelds, 25 (fig.) 

Lacistemacese, 254 

Lamiale Cohort, 257 

Laminaria, 118 

Larch, 224 

Latex, 18, 27 

Laticiferous Tissue, 18 

Latticed Cells, 20 

Lauracese, 256 

Laurels, 256 

Lavatera. 227 (fig.) 

Lead worts, 258 

Leaf, 62 

Leguminous Plants, 260 

Leguminosse. 260 

Leitneriese, 255 

Lejolisia, 154 

Lejolisia, 152, 158 (figs.) 

LemnacesB, 248 

Lennoacese. 258 

Lentibulariacese, 257 

Lenticels, 55 

Lepidodendraceae. 210 

Lepidodendrids, 210 

Lettuce mildew, 143 

Lichenes, 165 

Lichens, 165 

Light as affecting plants, 89 

Lilac-blight. 159 

Liliacese, 244 

Lilies, 244. 249 

Linacese, 262 

Lindens, 262, 278 
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Lithospermnm, 287 
Little Club-mosses. 200 
Liverworts, 188 
Liverworts, proper, 187 
Loasaces, 260 
LogaDiaoes, 258 
Loranthacefle. 255 
Loraoths. 255 
Lubbock*8 remark, 268 
LycoperdoQ. 176 
Lycopodiacofle. 208 
Lycopodiuse. 206 
Lycopodium, 200 
Lycopodium, 207 (Hg.) 
Lycopodium, bundle, 46 (fig.) 
Lycopods, 206 
Lygodium, 203 
Lythracese. 260 
Lytbrads, 260 

Macrospores. 205 

Madder worts, 250 

Magnoliaceae. 263 

MagDoliads, 263 

Magnolias, 278 

MaideDhair-feri>, 208 

Malic Acid. 83 

Mai low- worts, 262 

Malpighiacese, 261 

MalvacesB. 262 

Mnlvale Cohort, 262 

Mangi*ove8. 260 

Maples, 278 

Map of Botanical Regions, 101 

Marattiacese, 203 

Marcliantia, 184 

Marchantia. 185, 186 (figs.) 

Marchantiaceee. 187 

Marsh man&:old,embryo,231 (fig.^ 

Marsilia, 205 

Mnrsilia, 204(fig.) 

Maximum Temperature, 87 

Mayacese, 244 

Meconic Acid, 83 

Medullary rays, 240 

Melampsora, 172 

Melastomacese, 260 

Melastomads, 260 

Meliacese. 261 

Meliads. 261 

Melous, 278 



Menispennarese, 263 
Meristem, 20 
Metabolism, 83 
Metastasis, 83 
Micrembrye®, 256 
Micrococcus, 110 
Micrococcus, 100 (fig.) 
Micropyle. 252 
Microscope, m-ed of, 2 
Microspermse, 244 
Microspliaera. 150 
Microspores. 205 
Mignonetteo, 276 
Mildews, 1^ 
Milk-tissue, 18, 27 
Milkweeds, 258 
Milkworts. 262 
Minimum Temperature, 87 
Mints, 257 

Mistletoe Family, 255 
Mnium, 102 
MonimiacesB, 256 
Monocotyledones, 241 
Monocotyledons. 241 
Monocot3iedon8, number of 

species, 243 
Monoecious, 191 
Monopodial Branching, 65, 66 
Monopodium, forms of, 66 
Moonseeds, 263 
Moon worts, 205 
Morchella, 163 
Morel, 163 
Moriiigese, 261 
Morphia. 83 
Moss, tissue, 30 (fig.) 
Mosses, 188 
Mosses, True, 192 
Mossworts, 183 
Movement of Protoplasm, 2 
Movement of Water in Plants, 74 
Movements of Plants, 01 
Mucor, 125, 129 
Mucor. 125, 126, 127 (figs.) 
Mucorini, 124 
Mull)erries, 255 
MuUiovulatse, 256 
Musci, 188 
Mushrooms, 178 
Mustard, embryo, 231 (fig.) 
Mustard, seedling, 36 (fig.) 
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Mycelium, 124 
MyoporinesB, 257 
Myrfcacese, 255 
MyristicacesB. 256 
Myrsiuacese, 258 
Myrtacese, 260 
Alyrtale Cobort, 260 
Myrtles, 260 
Myxomycetes, 106 

NAIADACBiB, 243 

Nftgeli's terms, Xylem and 
Phloem, 45 

Nuvicubi. 121 (fig.) 

Nectar, 284 

Nelumbiuiii. 276 (fig.) 

NemalioQ, 153 

NemalioD, 153 (fig.) 

Nepenthaceae. 256 

Nepentheis, 273 

Nepenthes, 274 (fig.) 

Nettle, embryo, 231 (fig.) 

Nettles, 255 

Nettleworta, 255 

Nicotine, 83 

Nightshades, 257 

Nitella, 182 

Nitellese. 182 

Norfolk Island Pine, 225 

Nostoc, 112 

Nostoc, 112 (fig.) 

Nucleus, 5 

NudifloriB, 243 

Number of Dicotyledons, 253 

Number of Monocotyledons. 243 

Number of Species of Plants, 97 

Nutmegs, 256 

Nutrition of Parasites and Sapro- 
phytes, 82 

Nyctaginacese, 256 

Nymphseaceffi, 263 

Oak, embryo. 231 (flg«) 
Oaks, 255, 276 
Oat, embryo, 231 (fig.) 
Oats, 249 
Ochnacese. 261 
Odor of Flowers," 234 
(Edogoniese. 132 
CEdogonium, 132 
(Edogonium, 132, 133 (figs.) 



Oil-receptacles, 68 

Olacads. 261 

Olacale Cohort. 261 

Olacineae. 261 

Oleucese, 258 

Oletisters, 255 

Olives, 258. 278 

Ouagracese, 260 

Onagrads. 260 

Onoclea, 203 

OOgone, 130 

oogonium, 130 

OOphyta. 130 

OOphytes, 130 

oospore, 130 

Open Bundles, 49 

Ophioglossaceffi, 203 

Ophioglossum, 205 « 

Opium, 278 

Optimum Temperature, 87 

Orchids, 249 

Orchidacese, 245 

Orchids, 245 . 

Orchis, flower, 247 (fig.) 

Orders of Plants, 98 

Ornamental Dicotyledons, 275 

Ornamental Monocotyledons, 249 

Orobanchacese, 257 

Oscillaria, 112 

Oscillaria, 112 (fig.) 

Osmuuda, 203 

Ostrich-ferq, 203 

Ovary, 225 

Ovules, 62, 63, 214 

Ovules, development of 228 

Oxalic Acid, 83 

Packing, 191 

PalmacesB, 244 

Palms, 244 

Palms, economic value of, 250 

Palmyra Palm, 251 

PandanacesB, 244 

Pandorina, 116 

Pandorina, 117 (fig.) 

Papaveraceae. 263 

Paraphyses, 162 

Parasites. 78, 82 

Parenchyma, 15 

Parietale Cohort, 268 

Parsnips, 278 
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Passifloraccie. 260 
Paasiflorale Cohort. 260 
Passion flowers. 260, 276 
Pea-blight. 160 
Peaches. 268 
Pears. 278 
Peas, 268 

Pea-starch. 10 (flg.) 
Peat-mosses. 191 
Pedaliaceie. 257 
Peussacese, 255 
Penicillium, 160 
Peuicilliuin. 161 (fig.) 
Peppers. 256 
Pepperworts, 200, 205 
Pericanibiuni, 45 
Pericarp, 151 
Peridiuin, I'lfi 
PerisporiucesB, 155 
Perithecia. 164 
PeroQospora. 140 
PeroDosporese. 189 
Personale Cohort, 257 
Petals, 227 
Peziza, 163 
Peziza, 161. 162 (figs.) 
Phallus. 177 
PhseosporesB, 118 
Phanerogamia, 212 
Phanerouains. 212 
Phascjicese, 192 
Phaseolus. 253 
Phellogen, 54 
Philydracese, 244 
Phloem. 45 
Phloxes, 257. 276 ^ 
Phragmidium, 172 
Pliy corny ces, 129 
Phycoxanthine, 121 
Phyllome. 60, 62 
Phyllospora, 147 
Physarum. 106 (fig.) 
Physcia, 167 (fig.) 
Phytolaccaceae, 256 
Pickerel-weeds, 244 
Pileus, 180 
Pilobolus, 129 
Pilularia, 205 
Pine-apples, 244 
Pines, 224 
Pine, trachelds, 25 (flg.) 



Pinkworts. 262 

Pinus, 224 

Pinus. 216. 221 (figs.) 

Piperacese. 256 

Piptocephalis, 129 

Pirns, 278 (fig ) 

Pistil, 228 

Pitcher-leaves. 256 

Pitcher. plant, Australian. 276 

Pitcher- plant, Californian, 273 

Pitcher-plants, 263, 272 

Pitchers. 68 

Rtted Vessels, 23 

Pittosporacese, 262 

Plane-trees. 255, 276 

Plantains. 258 

Plantagiuacese, 258 

Pknt-body, 59 

Plant cell, 4 

Plant-food, 10, 77 

Plant food. Compounds used. 77 

Plant-foo<l, Elements of, 77 

Plant-food, how obtained, 78 

Plant-food, how transported in 

the plant, 79 
Platanacese, 255 
Plocamiiim, 152 (fig.) 
Plowrightia. 168 
Plumbnginacese, 258 
Plums. 278 
Plumule. 242, 251 
Podosphaera, 160 
Podostemnceffi, 256 
Podostemads, 256 
Polemoniacese, 257 
Polemoniale Cohort, 257 
Pollen, 62 
Pollen cells, 213 
Pollen Mother-cells, 227 
Pollen-tube, 215 
Pollination, 284 

Pollination of Dicotyledons. 265 
Pollination of Monocotyledons, 

245-8 
Pollination of Orchids, 246-8 
PolygalaceflB, 262 
Polygalale Cohort, 262 
Polygonacese, 256 
PolypetnlsB, 259 
Polypodium, 203 
Polypodium, 201, 202 (figs.) 
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Polypody, 20d 

Polyporus, 179 

PolytricUum, 192 

Poud.scum. 11. 124 (figs.) 

Pond-scums, 122 

Pond-weeds, 243 

Pontcderiacese. 244 

Poplars, 254, 276 

Poppies, 276 

Poppyworts, 263 

Pore-fungi, 179 

Portulucacese, 262 

Potato, 278 

Potato, 277 (fig.) 

Potato-mildew, 140 

Potato mildew, 140, 141 (figs.) 

Prickles, 68 

Prickly Fungi, 179 

Primary Meristem, 29 

Primrose, hairs, 87 (fig.) 

Primroses. 258, 276 

Primulaccoe, 258 

Primulale Coliort, 258 

Procambium, 49 

Proteaceae. 256 

Proteads. 256 

Protein Matter, 11 

Proterandry, 237 

Proterogyny, 287 

Prothaliium, 195 

Protococcus, 113 

Protonema, 191 

Protopliyta, 105 

Protopliytrs, 105 

Protoplasm, 1 

Protoplasmic Activity, 2 

Prunus, flower. 265 (fig.) 

Pteridopliyta, 194 

Pteridophytes, 194 

Pteris, 203 

Pteris, tissue. 24. 48, 206 (figs.) 

Puccinia, 169 

Puccinia, 170. 171 (figs.) 

Puff-balls, 175. 176 

Pumpkins, 278 

Pumpkin stem, sieve-tissue, 21 

(fig.) 
Punctum vegetationis, 81 

Purslanes. 262 

Pyrenomycetes, 168 



jUABSIADS, 261 
Juillworts, 210 
juinic Acid, ^ 
Quinine, 278 

Radial Bundles, 49 

Radicle, 252 

Radishes, 278 

Ranale Ck>hort, 268 

Ranunculacese, 268 

Rapateacese, 244 

Raspberries, 278 

Red Rust, 172 

Red Seaweeds, 151 

Red-snow Plant, 118 

Redwoods. 224 

Regions of Vegetation, 100 

Uesedacese, 268 

Resedads, 268 

RestiacesB, 248 

Reserve Material, storing of, 81 

Reserve Material, use of, 82 

Resin-canals. 58 

Resting Spore. 115. 130 

Reticulated Veins. 200 

Reticulated Vessels, 28 

Rbamnaceee, 261 

Rhamnads, 261 

Rhizoids, 188 

Rhizocarpese, 205 

Rhizoplioracese, 260 

Rhododendrons, 276 

Rhubarb crystals, 12 (fig.) 

Ricciarese, 187 

Rice, 250 

Ricinus. embryo. 252 (fig.) 

Ringed Vessels, 23 

Ringless Ferns, 203 

Rivularia, 113 

Rock-roses, 263 

Rockweeds, 148 

Rockweeds. 144, 145, 146 (figs.) 

Root, 60, 63 

Root-hairs, 37, 63 

Root-pressure. 75 

Root-stocks, 62 

RosacesB. 260 

Resale Cohort, 260 

Roses. 276 

Rose worts. 260 

Roxburghiacese, 244 
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Rubiacete, S60 
Rubiale Cohort, 259 
RueworU, 261 
Runners, 61 
Rushes, 244 
Rusb, tissue, 57 (fig.) 
Rusts, 160 
Rutacese. 261 
Rye, 249 

Sabiacea, 261 

Saccbaroniyces, 110 

Sac- fungi, 155 

Sacs, 155 

Sac-spores, 155 

Sagopalm, 251 

Salicacese, 254 

Salvadonicese. 258 

Samvdacese, 260 

Sanaa] worts, 255 

SanUilacese, 255 

Sap (Cell sap), 18 

Sap. flow of, 75 

Sapindaceee, 261 

Sapindale Cohort, 261 

Snpotacese, 258 

Sap, no circulation of, 76 

Saprolegnia, 142 

Saprolegniaccse, 136 

Saprophytes, 78, 82 

Sargasso Sea, 147 

Sargassura, 147 

Sarracenia, 272 ^fig.) 

Sarraceniaceoe, 263 

Saxifragaceee, 260 

Saxifrages, 260 

Scalariform Vessels, 23 

Scale-mosses, 187 

Scales, 62, 63 

Scliizomycetes, 108 

Scitaminese, 244 

Sclerenchyma, 17 

Scorzonera, milk-vessels, 19 (fig.) 

Scotch Pine, 223. 224 

Scouring Rush. 198 

Screw-pines, 244 

Scrophulariacese, 257 

Scutellum, 242 

Sea-lettuce, 118 

Sea-lettuce, 118 (fig.) 

Sedge, embryo, 231 (fig.) 



Sedges. 248 

8e^, 215 

Seeds, germination of, 219, 24£, 

251 
Selaginese, 257 
Selaginella, 210 
Selaginella, 208, 209 (figs.) 
Selaginella, bundle, 47 (fig.) 
Selaginellace®, 209 
Sepals, 227 
Sequoia, 224 

Sequoia, sieve- tube, 22 (fig.) 
Sexless Plants, 105 
Sexuality, first appearance of 115 
Shield ferns, 203 
Sieve-tissue, 20, 27 
Sigillariacese, 210 
Sigillarids, 210 
Siiver-maple, tissue, 18 (fig.) 
Simarubaceas, 261 
Sleep of Plants, 93 
Slime-moulds, 5, 106 
Smilax, 240 
Smuts, 173 
Snowdrop, 249 
Snowfiake, 249 
Soapworts, 261 
Soft Bast, 44 
Soft Tissue, 15, 26 
Solanacese, 257 
Southern Pine, 224 
Spawn, 179 
Spermatia, 169 
Sperm-a*ll8, 169 
Spermogones, 169 
Sphserotheca, 160 
Sphagnacese. 191 
Sphagnum, 192 
Spiderworts, 244 
Spindle trees, 261 
Spines, 63 
Spiral Vessels, 23 
Spirillum. 109 (fig.) 
Spirochsete, 109 (fig.) 
Spirogyra, 124. 128 
Spirogyra, 124 (fig.) 
Spleen worts, 203 
Sporangia, 63 
Sporangium 126 
Spore, 126 
Spore-case, 126, 1 
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Spore- fruit, 148 

Spore-fruit Plants, 148 

Spores. 83 

Sporids, 172 

Sporocarp, 148 

Spruces, 2^ 

Spurge, milk tiibcA, 19 (fig.) 

Spurgeworts, 255 

Squashes, 278 

Squash, hairs, 36 (fig.) 

Stackhousiese, 261 

Stahrs discovery of the sexual 

organs of Lichens, 168 
Stamens. 62, 214 
Star apples. 258 
Starch, 9, 79 
Starch, digestion of, 81 
Starch-making, 79 
Starch, storing of, 81 
Stem, 61 

Sterculiaceffi, 262 
Sterculiads. 262 
Stereum, 179 
Sterigmata, 158 
Sticta, 166 (fig.) 
Stigma, 228 
Stinkhorn. 177 
Stinking Smut, 175 
St^ohnsworts, 262 
Stomata, 37 
Stoneworts, 180 
Stony Tissue, 17, 26 
Storaxworts, 258 
Storing of reserve material, 81 
Strawberries, 278 
Strychnia. 83 
Style. 228 
Stylidiacese, 258 
Stylospores, 164 
StyructicesB, 258 
Sucrose, 13 
Sugar, 13, 81 
Sugar canes, 250 
Sugar, origin of, 250 
Sugar-pine, 224 
Sundews, 260, 271 
Suspensor, 219 
Sweet- flag, bundle, 44 (fig.) 
Sweet-flag root, bundle, 45 
Sweet-pea, embryo, 231 (fig.) 
Sweet-potato, 278 



TAMARISCINBiB, 262 

Tamarisks, 262 

Tannic Acid. 83 

Tartaric Acid, 83 

Tea, 278 

Teasel worts, 259 

Teleutospores, 172 

Temperature as affecting plants. 

86 
Tendrils, 62. 63 
Temstrcemiacese, 262 
Thalamifloree, 262 
Thallome, 61 
Theads. 262 

Thick-angled Tissue, 16, 26 
Thorns. 62 
Thymelaeaceae, 256 
Tiliacese, 262 
Tilletia, 175 
Timmia, 192 
Tissues of Plants, 15 
Tissue-systems, 33 
Toadstools, 175, 177 
Tomato, 278 
Traclieary Tissue, 22, 28 
Trachelds, 24, 29 
Tremandrese, 262 
TrichojEjyue, 149 
Trichome, 60, 63 
Trimorphism of Flowers, 237 
TriuridecB, 243 
Truffles, 160 
Tuber, 160 (fig.) 
Tul)erace8e, 160 
Tuberose, 249 
Tubers, 62 
Tulips, 249 
Tulip-trees, 278 
Turbinaria, 147 
TurneniceflB, 260 
Turnips. 278 
Turpentine canals, 58 
Typhacese, 243 

Ulva, 118 
Ulva, 118(fig.) 
Umbellale Cohort, 259 
Umbelliferee, 259 
Umbellifers, 259 
Uncinula, 160 
Uncinula, 157 (fig.) 
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Union of Cells. 7 
Unisexuales 255 
Unbexunl Plantii, 115 
Urediueffi, 189 . 
Uredo, 173 
Uredospores, 172 
Uromyces, 172 
UrticHces, 255 
Ustilagioeae. 178 
Ustiliigo. 174 
Usnea, 166 
Usnea, 166 (fig.) 

Vacuoles, 2 

ValeriaDaceaB, 259 

Vascular Bundles, 40 

Vaucberia, 186 

Vaucheria, 186 (fis:.) 

VaucberiaceflB. 185 

Vegetative Conu, 81 

Vegetative Point, 81 

Venation of Dicotyledons, 258 

Venation of Monocotyledons, 241 

Venus's Fly-trap, 271 

Verbena bligbt. 160 

Verbenaceae. 257 

Verbenas, 276 

Vervains, 257 

Vicia, embryo, 252 (fig.) 

Vines, 261 

Vine-rapes, 256 

Violacese, 268 

Violets, 268, 276 

Vochysiacese, 262 

Volvox, 181 

Volvox, 181 (fig.) 

Walking-leaf, 208 
Wall of Cell. 4 
Walnuts. 255. 276 
Water-culture P^xperiments, 85 
Water-flannel, 117 
Water in Cell-walls, 69 



Water, imbibition of, 2 
Water in Protoplasm. 68 
Water in tbe Plant, 68 
Water-lilies, 268, 276 
Water-lily, tissue, 57 (fig.) 
Water-mould. 188 (fig.) 
Water moulds. 186 
Water-net, 117 
Water-plantains, 243 
Wbeat, 249 
Wheat rust 169 
Wheat-smut, 175 
White Pine, 224 
White Rust, 142 (fig.) 
White Rusts, 189 
Wild Cucumber, epidermis, 88 

(fig.) ,. 
Wiilow-bliglit, 160 

Willows. 254, 276 

Wind pollinated Flowers, 234 

Windsor Bean, 251 

Witch hazels, 260 

Wood. 18 

Woody Bundles, 40 

Xylem, 45 
Xyridacese, 244 

Yams 244 

Teast-planto, 108. 110 
Teast plants, 8. Ill (figs.) 
Yellow eyed Grasses, 244 
Yellow Pine, 224 

Zoospore, 116 
ZoOsporese, 116, 181 
Zygnema, 128 
Zygnemncese, 122 
Zygopliyllaceee. 261 
Zygopliyta, 115 
Zygcipliytes, 115 
Zygospore, 116 
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